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PREFACE. 

This work is intended to serve as lecture notes for teachers 
of Geology, more especially in the Dominion of Canada, and as 
a guide to Canadian Geology for private students, enquirers and 
travellers. The first part relates to the general principles of 
the science, with examples, as far as possible, from Canadian 
minerals and rocks. The second part gives an outline of 
Geological Chronology, illustrated by Canadian rock-formations 
and fossils. The third part gives details as to the Physical 
Geography and Geology of Canada. In this part reference is 
made to authorities and to works giving more detailed inform- 
ation ; and credit is given, as far as possible, to the original 
observers of the more important geological facts. 



Sept., 1889. 
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INTRODUCTORY. 



Geology, or, as it has been sometimes termed. Geognosy, is the scientific 
knowledge of the earth; or more particularly of that rocky crust of the 
earth oa which its superficial features depend, which affords to us mineral 
products and soils, oa which animals and plants exist, and in which are 
ireserved the monumental records of the changes which our planet has 
ixperienced in past time. 

Previous to experience and observation, it might be supposed that all 
the rocks of the earth's crust are of the same age; but on careful study 

e find that this is not the case. On the contrary, the crust is built up 
pt successive strata or beds deposited one over the other in such a manner 
libat the upper are the newer and the lower the older. Thus we obtain 
k chronology of the rocks. Further, as the successive beds contain remains 
nimals and plants which lived at the times when these Ijeds were 
leposited, we also obtain a chronology of animal and vegetable life. In 
K>nnection with this succession, we can consider the causes of geological 
change, whether acting at present or in jMst time. 

Geology may be studied with reference to its practical pursuit as a 
method of scientific investigation, or with reference to the theories of the 
Bsrth deducible from its facta, or with leference to its applications to the 
irta of life. These several aspects of the subject maybe termed — 

1. Practical Geology. 

2. Theoretical and Dynamical Geology. 

3. Applied Geology. 
The first is that which should engage the attention of the student at the 

Kitset, as being preliminary to the successful cultivation of the others; but 
D studying it, reference may be made to ite bearings on the eecond 
nd third. 



2 INTRODUCTION. 

Practical geology may be arranged under the following heads: — 

(1.) GENERAL. 

I. LiTHOLOGY or Petrography— or the study of Rocks as mineral aggre- 
gates and as materials composing the earth's crust. This study is best 
carried on with the aid of properly named hand specimens of minerals and 
rocks, and is much aided by chemical tests and by the examination of 
sections of rocks under the microscope. 

II. Pal^x>ntology — the study of the fossil remains of animals and 
plants imbedded in the earth's crust, in connection with the succession of 
deposits ascertained by stratigraphical investigation. This subject requires 
some preliminary knowledge of zoological and botanical classification, and 
is studied by comparison of museum specimens and by collecting and 
determining fossils. 

IIL Stratigraphy or Petrology — or the consideration of the 
arrangement of the rocky masses of the earth on the large scale. This 
study requires the aid of maps and sections of the structure of portions 
of the earth, and is carried on in nature by the examination of natural 
sections, in clifife, quarries, mines, and other exposures of rocks. 

(2.) HISTORICAL. 

IV. Historical Geology is the application of the above to the geo- 
logical history of the earth, and connects the elements of practical geology 
with the theory and applications of the subject. 

The first, second and third of these subjects may be regarded as general 
and preliminary to the fourth, which includes geology proper. We shall 
therefore first consider the elements of Lithology, Palaeontology and Strati- 
graphy, in so far as necessary, and then proceed to the main subject of 
Geological History, more especially in relation to Canada. 

[In the regular University curriculum the student is supposed to have given some 
attention to the elements of Chemistry, Botany and Zoology. He is thus prepared in 
the ordinary course in Geology to enter on the study of Lithology, Palaeontology, and 
Stratigraphy and in the honour course to go more fully into the determination of rocks 
and fossils, and into local stratigraphy and descriptive and theoretical geology.] 
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4 LITHOLOGY. 

are those of Aluminium, Calcium, Magnesium, Sodium and Potassium ; 
and these are variously combined and mixed with one another to constitute 
the more complex minerals and rocks. Silicates sometimes contain water 
as an essential constituent, when they are termed Hydrous Silicates. 

Other important Oxygen compounds are the Carbonates, Sulphates and 
Phosphates. Thus Calcium Carbonate is common Limestone, Calcium 
Sulphate is Gypsum, and Calcium Phosphate is Apatite or Bone-earth. 

Some important constituents of rocks are not Oxides, as Sodium Chloride 
or common Salt, Calcium Fluoride or Fluorspar, Iron Bi-Sulphide or 
Iron Pyrite. 

There is a peculiar group of minerals and rocks of organic origin into 
which Carbon enters as a principal ingredient. These are the Coals, 
Asphalt and Bitumen. 



(2.) Mineralogy of Rocks. 

Of the chemical compounds above referred to, those which constitute 
the majority of rocks are the following : — 



1. Quartz or Silica. 

2. Felspar. 

3. Mica. 

4. Hornblende. 

5. Pyroxene. 

6. Garnet. 

7. Chrysolite. 

8. Nepheline. 

9. Leucite. 

10. Talc. 

11. Serpentine. 

12. Chlorite. 

13. Calcite. 

14. Dolomite. 

15. Gypsum. 

16. Apatite. 

17. Fluor Spar. 

18. Eock Salt. 

19. Magnetite. 

20. Hematite. 

21. Limonite. 

22. Pyrite. 



\ 



y Anhydrous Silicates. 



Hydrous Silicates. 



Carbonates, Sulphate, 
Phosphate, Fluoride, 
and Chloride. 



Oxides and Sulphide 
of Iron. 
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23. Coal. \ 

24. Bitumen and Asphalt. > Carbonaceous Minerals. 

25. Graphite. ) 

[For the characters and description of the more important of the minerals, see the 
appendix. If the learner has not previously studied Mineralogy, he should refer con- 
stantly to the descriptions of minerals unknown to him, and should have an opportimity 
to examine specimens.] 

(3.) Classification and Study of Eocks. 

Some rocks, as quartz rock and limestone, are definite chemical com- 
pounds, and consist of one mineral species only; but even these are often 
mixed with foreign matters ; and the greater part of rocks are mixtures 
of different mineral substances in various proportions. As these mixtures 
are regulated by no definite law of proportion, it follows that such rocks 
pass into each other by indefinite gradations. Hence the nomenclature 
and classification of rocks are attended with many difficulties. 

For purposes of practical geology it is important to consider the classi- 
fication of rocks under three aspects. 

1 . With reference to their Origin, rocks may be : — 

(a) AqTieous or Sedimentary, that is, they may have been deposited as 
sediments, as sand, clay, &c., in water, and such deposition may have been 
aided or modified by accumulations of organic matter, as shells, corals, 
drifted plants, &c. Rocks of this kind are Conglomerates, or hardened 
gravels ; Sandstones^ or consolidated sand ; Shales, which are compressed 
clay ; lAmestones, which are usually aggregates of shells, corals, &c., or 
fragments of these. 

(b) Igneous or Aqueo-igneo^is — pro^lucts of the action of teat in the 
interior of the earth. Of this kind are lavas, scoriae, pumice, and volcanic 
ashes. 

(c) Metamarphic — that is they may be fsediments or volcanic be^ls which 
have been so modified by heat or pressure as to a.=f.sume a crystalline con- 
dition accompanied, in many casi^s, by some chemical change. Examples 
of these are — Quartzite, produced by the hanleningof .Sandstone; Crj'stal- 
line Schists, produced from altered clays ; Marble, produce^l by the altera- 
tion of limestone ; and Graphite and Anthracite, by that of coaL 

2. With referenc^i V) their Predominant Chemical Ingredients, rocks 
may be regarded as (^) Silicio^ju!, ih) ArgiUacer/us, (c) Calaireous, (d) 
CarbonaeeouSf (e) Ferraginous, The Silicious rocks, which are by far the 
most abundant, may farther 1^ *\W\f\h*\ inUj those that are Acidic or have 
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an excess of Silica, and those that are Basic or have an excess of the 
elements with which Silica is combined. 

3. With reference to their Texture^ rocks may be : — 

(a) Fragmental, or Clastic, that is, composed of broken-up remains of 
older rocks. Of this kind are conglomerates, sandstone and clay. 

(b) Crystalline, or composed of crystals of one or more minerals united 
together. Of this kind are granite and crystalline marble. 

(c) Organic, or retaining the structure of organic bodies, as coral and 
crinoidal limestones, and coals. 

The above grounds of classification are of course allied with each other. 
Thus fragmental rocks are for the most part aqueous. The crystalline 
rocks are for the most part of igneous or metamorphic origin, though some, 
like gypsum and rock salt, are aqueous. We may thus adopt one of the 
above arrangements as the dominant or general one, and use the others in 
subordination to it; and the first consideration or that of origin is pro- 
bably at present the most available for the larger groups. Our general 
division of rocks may therefore be as follows : — 

Class I. "1. ] A- „ j {^) Volcanic or Superficial. 

Igneous Rocks, j ^ \{2) Plutonic or Nether. 

Class II. ) . 1 J. f (1) Unaltered. 
_ V including \)[ 

Aqueous Rocks, j ( (2) Altered or Metamorphic. 

The Plutonic rocks correspond in the main with the" Intrusive" rocks, 
properly so called, and the Volcanic with the " Effusive " or lavas proper. 
The Plutonic rocks are in structure holocrystalline. The Volcanic are 
usually partly vitreous or compact. 

Class I.— IGNEOUS ROCKS. 

Section 1. Volcanic. 

These are superficial products of Igneous action. All of them are 
Silicates, having usually Aluminium, Calcium and Magnesium as the 
principal bases. They may be divided into sub-sections, in accordance 
with the proportions of acid and base; those containing less than 60 per 
cent, of Silica, being called Basic, and those with more than 60 per cent 
Acidic. Some lithologists also distinguish Intermediate and Sub-acid 
rocks having 60 to 65 per cent, of Silica, and Ultra-basic rocks containing 
less than 45 per cent. 

Sub-Section 1. basic volcanic bocks. 

Doleritic Lava is poured forth in a molten state by modern volcanoes, and consists 
of Pyroxene with basic Felspars. It generally presents a vesicular or scoriaoeoas 



IGNEOUS ROCKS. 7 

appearance, caused by the ezpansioD of included vapours and gases, and it has usually 
a dark colour, becoming reddish or yellow on weathering, owing to the presence of 
iron in low states of oxidation, (Protoxide, Magnetite and Ilmenite.) In ancient lavas 
the vesicles often become filled by aqueous infiltration with various minerals, when 
the texture of the rock is said to be AmygdaJoidah 

BcucUt is a dark-coloured finely crystalline compact lava, which often exhibits 
columnar structure . Melaphyrt is a variety more crystalline than Basalt, and presents 
a transition to the true Diabase of the Plutonic group. Andesite is a variety contain 
ing Hornblende. Leucitic and Peridotic lavas contain crystals of Leucite and Olivine. 

Sub-section 2. acidic volcanic bocks. 

Trachytic Lava is a light-coloured lava containing an excess of Silica, and produced 
by volcanoes in the same manner with ordinary lava. It is vesicular, and when highly 
so passes into Pumice. The name EhyoliU is given to those highly acidic Trachytes 
having an excess of quartz. 

Trachyte is a more compact rock of the same character, consisting chiefly of ortho- 
clase, usually with a little hornblende and mica. When quartz is present it becomes 
Quartz-trttchyte, It is more or less finely crystalline, and sometimes has imbedded 
crystals of orthoclase felspar, giving it the texture known as porphyriiic. 

Obsidian and Piichstone are volcanic glasses of similar composition to trachyte but 
vitreous in texture. 

Volcanic Agglomerate and Volcanic Tuff are fragmental deposits made up of the 
stones and dust ejected from volcanic orifices. Their materials may either be those of 
the basic or acidic lavas or a mixture of both. They are strictly volcanic rocks, though 
their materials arq often arranged in beds and subsequently consolidated by the action 
of water. 

Section 2. Plutonic. 

These are the nether or underlying products of igneous action. Being 
slowly cooled they are more highly crystalline than the rocks of the 
previous section, and having been consolidated at great depths below the 
surface, they do not become visible till after the removal of the more 
superficial volcanic products. Hence the rocks of this section visible 
at the surface, are usually of greater age than the volcanic rocks. 

Sub-section 1. basic Plutonic rocks. 

Diabase consists of tbe same material with Doleritic lava and Basalt, and passes 
into it ; but is usually much more coarsely crystalline. It often contains hydrous 
minerals, as chlorite. Gahbro is a name applied to a variety of Diabasic rock in which 
Pjrroxene occurs in the form of Diallag^. The Peridotites are ultra-basic Plutonic 
rocks with a large proportion of Olivine. 

Diorite or Greenstone is a crystalline mixture of Hornblende, usually dark coloured 
or greenish, with a triclinic felspar. This and the previous rock present great varieties 
of coarse and fine crystallization. The Diorites with fibrous hornblende are supposed 
to be altered Dolerites. Those with massive and usually dark-coloured hornblende 
are the true Diorites. 

Syenite is a crystalline mixture of Hornblende and Orthoclase or Potash Felspar. 
It may be regarded as a sub-acid rock, and by the addition of Quartz it becomes an 
caidic rock and passes into Homblendic Granite. 
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Sub-section 2. acidic Plutonic rocks. 

Granite is a crystalline mixture of Felspar (Orthoclase, or Albite) with Quartz and 
Mica. It may be coarse or fine grained, and sometimes becomes porphyritic by the 
admixture of large felspar crystals. Homblendic or Syenitic Granite contains Horn- 
blende with or instead of Mica. Protogine contains Talc as well as Mica. Oraphic 
Granite is a binary variety found in veins. It is destitute of mica, and has the 
quartz arranged in plates in accordance with the cleavage of the felspar. 

Felsite is a hard, finely crystalline or compact mixture of Felspar and Quartz. It 
is sometimes called Petrosilex and Felstone. When distinct crystals of orthoclase 
Felspar are developed in it the porphyritic texture is produced. This is ordinary or 
Felsite porphyry, but other igneous rocks may assume the porphyritic structure. 

Tlie above are only a few of the more ordinary igneous rocks, which should be 
known to the student by specimens, and if possible also by their microscopic structure. 

The nature of igneous rocks leads us to inquire as to the deep-seated 
sources, under the superficial crust, from which they come. The fact that 
igneous rocks are very generally distributed over the earth's surface, so 
that few large regions are destitute of them, proves that the sources of 
such material must be very widely spread, if not universal. The further 
fact that igneous rocks are in all parts of the world of the same general 
character, shows in like manner that their origin is in general and uniform 
"magmas" or pasty sheets of more or less uniform heated and plastic 
matter, spread under the crust. Lastly, the fact that in every region the 
igneous rocks are of both groups, the basic and the acidic, shows that 
both kinds of material exist, and to some extent separate from each other, 
under all parts of the crust. These great facts have important bearings 
on our notions of the interior of the earth, and on the origin of igneous 
rocks, which may be formulated as follows : — 

(1.) Since the dawn of geological science, it has been evident that the 
cnist on which we live must be supported on a plastic or partially liquid 
mass of heated rock, approximately uniform in quality under the whole 
of its area. This is a legitimate couclusion from the wide distribution of 
volcanic phenomena, and from the fact that the ejections of volcanoes, 
while locally of various kinds, are similar in every part of the world. It 
led to the old idea of a fluid interior of the earth, but this is now generally 
abandoned, and this interior heated and plastic layer is regarded as merely 
an under-crust. 

(2.) We have reason to believe, as the result of astronomical investi- 
gations, that, notwithstanding the plasticity or liquidity of the under- 
crust, the mass of the earth — its nucleus as we may call it — is practically 
solid and of great density and hardness. Thus we have the apparent 
paradox of a solid yet fluid earth ; solid in its astronomical relations, liquid 
or plastic for the purposes of volcanic action and superficial movements. 
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Bonney has also suggested the important consideration that a mass may 
be slowly mobile under long continued pressure, while yet rigid with refer- 
ence to more sudden movements. An objection has been taken to the 
effect that the supposed ellipsoidal form of the equator is inconsistent 
with a plastic sub-crust. But the existence of this ellipsoidal form is 
not absolutely certain, or, if it exists, the divergence from the circular 
form is very minute.* 

(3.) The plastic sub-crust is not in a state of dry igneous fusion, but in 
that condition of aqueo-igneous or hydro-thermic fusion which arises from 
the action of heat on moist substances, and which may either be regarded 
as a fusion or as a species of solution at a very high temperature. This 
we learn from the phenomena of volcanic action, and from the composition 
of the volcanic and plutonic rocks, as well as from such chemical 
experiments as those of Daubr^e, and of Tilden and Shenstone. 

(4.) The interior sub-crust is not perfectly homogeneous, but may be 
roughly divided into two layers or magmas ; an upper, highly siliceous or 
acidic, of low specific gravity, and light-coloured, and corresponding to 
such kinds of plutonic and volcanic rocks as granite and trachyte ; and 
a lower, less siliceous or more basic, more dense, and more highly charged 
with iron, and corresponding to such igneous rocks as the dolerites, basalts, 
and kindred lavas. It is interesting here to note that this conclusion, 
elaborated by Durocher and Von Walterhausen, and usually connected 
with their names, appears to have been first announced by John Phillips, 
in his ** Manual of Geology," and as a mere common-sense deduction from 
the observed phenomena of volcanic action, and the probable results of 
the gradual cooling of the earth. It receives striking confirmation from 
the observed succession of acidic and basic volcanic rocks of all geological 
periods, and in all localities. It would even seem, from recent spectro- 
scopic investigations of Lockyer, that there is evidence of a similar suc- 
cession of magmas in the heavenly bodies, and the discovery by 
Nordenskiold of native iron in Greenland basalts, affords a probability 
that the inner magma is in part metallic, f 

* Hopkins, Mallet, Sir William Thomson, and Prof. G. H. Darwin maintain the 
solidity and rigidity of the earth on astronomical grounds ; but different conclusions 
have been reached by Hennesey, Delaunay, and Airy. In America, Hunt, Barnard 
and Crosby, Dutton, LeConte and Wadsworth have discussed these questions. 

t These basalts occur at Ovifak, Greenland. Andrews has found small particles 
of uron in British basalts. Prestwich and Judd have referred to the bearing on general 
geology of these facts, and of Lockyer's suggestions. 
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(5.) Where rents or fissures form in the upper crust, the material of the 
lower crust is forced upwards by the pressure of the less supported por- 
tions of the former, giving rise to volcanic phenomena either of an 
explosive or quiet character, as may be determined by contact with water. 
The underlying material may also be carried to the surface by the agency 
of heated water, producing those quiet discharges which Hunt has named 
crenitic. There can be little doubt that the weight of the crust pressing 
downward on the interior magmas, especially in places where cracks or 
folds have caused unequal pressure, is the cause of the ejection of molten 
rocks, which may thus be forced upward into fractures, forming dykes, or 
pressed between the beds, forming igneous floors or Laccoliths, or may be 
raised to the craters of volcanoes and caused to flow over as currents of 
lava. All this may go on quietly, but where water in a superheated state 
is intimately mixed with the molten rock, and is prevented by pressure 
from passing into vapour, or when water is introduced into the ascending 
lava from porous beds, or from fissures communicating with the sea, the 
sudden evaporation of the water produces tremendous explosions. Thus 
gravitative pressure is the cause of quiet ejections of volcanic products, 
the explosion of steam is the cause of the more violent phenomena. It is 
to be observed here that explosive volcanic phenomena, and the formation 
of cones, are, as Prestwich has well remarked, characteristic of an old and 
thickened crust ; quiet ejection from fissures and hydro-thermic action 
may have been more common in earlier periods and with a thinner 
over-crust. 

Active volcanic phenomena are not now manifested within the 
Dominiom of Canada ; but igneous rocks of all ages from the Laurentian 
to the Pliocene exist in various portions of its area, and will be noticed 
in connection with the aqueous rocks of the periods to which they 
belong, and with reference to the classification and principles above 
stated. 

Igneous rocks are to be studied with reference to their crystalline, 
vitreous or fragmental condition, their various constituent and accidental 
minerals, the changes to which they have been subjected by subsequent 
decomposition, or from the injection of aqueous materials in solution, and 
the crushing or lamination which may have been induced by pressure 
after their consolidation. 
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Class II.— AQUEOUS ROCKS. 
Section 1. Unaltered Aqueou& Rocks. 

These may be produced either by the mechanical distribution of sedi- 
ment in water, by chemical precipitation, or by the accumulation of the 
remains of animals and plants. Processes of these kinds are now going 
on, and must have been in operation throughout geological time. Crystal- 
line rocks have been undergoing decay, whereby their grains and crystals 
of quartz have been separated as sand, while their felspathic or hom- 
blendic material has been decomposed into clay, marl, &c. The surf on 
coasts, and running water on the land, have been grinding rocks into 
pebbles ; corals and shells have been accumulating as beds of limestone 
in the sea. By such processes the immense sheets of aqueous rock spread 
over our continents have been slowly accumulated, so that they now pre- 
sent an aggregate thickness which has been estimated at 70,000 feet, 
or more. The ways in which they have been elevated from their original 
sub-aqueous position, disturbed from their horizontal attitude, and 
hardened and altered, will be considered under a subsequent heading. 
The principal kinds are the following : — 

Conglomerate consists of pebbles of hard, usually silicious, rocks, united by a paste 
or cement which may be silicious, argillaceous, calcareous or ferruginous. Con- 
glomerates are beds of gravel, and they indicate the somewhat powerful action of 
water as an abrading and removing agent. They have often been formed along old 
lines of coast, and are consequently irregular in their bedding and limited in their 
horizontal distribution. The terms Volcanic Breccia and Agglomerate are applied to 
rocks composed of angular fragments. Volcanic agglomerate has already been refer- 
red to ; but besides this, Breccias are accumulated by aqueous agencies in caves and 
fissures, and are also derived from the debris of hard rocks disintegrated by frost, and 
spread out by water without rounding the edges of the fragments. 

Orit is a rock composed of coarse sand or small stones, and is intermediate between 
the last rock and the next. 

Sandstone is composed of grains of sand, more or less fine, and either angular or 
rounded, cemented together. When mixed with clay it becemes argillaceous sand- 
stone. When cemented by carbonate of lime it becomes calcareous sandstone. Its 
grains are often superficially stained of red or brown colours by the oxide of iron . 
Freestone is a term applied to the softer and more easily worked sandstones ; Flagstone 
to the laminated varieties. The harder varieties pass into Quartzite. Qreensand is a 
variety coloured by grains of the hydrous silicate named glauconite. Sandstones vdth 
the surfaces of bedding and lamination covered with plates of mica are micaceous 
sandstones. 

Shale is hardened clay or mud, having a laminated texture, due either to original 
deposition in layers or to subsequent pressure. On the one hand it passes into soft 
clay, on the other by metamorphism into slate. Arenaceovs fhale is mixed with fine 
sand and passes into sandstone. Carbonaceous shale is mixed and blackened with c6aly 
matter. Bituminous shale or Pyroschist is impregnated with bituminous matter. 



12 LITHOLOGY. 

Calcareous shale contains limestone in a fine state of division, and effervesces with an 
acid. Fireclay is a soft variety rendered infusible by the absence of alkaline matter. 
It is often associated with beds of coal. Kaolin is a fine clay resulting from the 
decomposition of felspar. Loess is the alluvial mud deposited in lakes and rivers. 
Loam is a mixture of sand and clay. 

CongloJberates, sandstones and shales are typically clastic or fragmental rocks, and 
in studying them we have to consider the nature and origin of their constituent pebbles 
and grains, the amount of abrasion or decomposition to which these have been sub- 
jected, the nature of the cementing material, if any, which has been deposited in their 
interstices and binds them together, and the changes which they have experienced 
from heat or pressure. 

Limestone includes all the unaltered rocks composed of calcium carbonate, or calcite. 
It is distinguished by its softness as compared with quartz and most of the silicious 
stones, and by effervescing with an acid. It may be earthy, compact, crystalline, 
massive or laminated in structure ; or with reference to matters mixed with it» 
alliaceous, bituminous, ferruginous, or cherty. Oolite is a variety composed of minute 
rounded concretions, which often show under the microscope a radiating prismatic 
structure as well as concentric lamination. Travertin or Calcareous Tufa is a lime- 
stone deposited by calcareous springs. Stalactite and Stalagmite are similar matter 
deposited on the roofs and floors of caverns. By mixture with fragments of limestone 
or of bone. Stalagmite may become a calcareous or bone Breccia, 

Coral and S?iell lUmesUme and Crinoidal Limestone, or more generally Organic Lime" 
stoneSy are composed of fragments of calcareous oi^anisms, sometimes apparent to the 
eye, in other cases visible only under the microscope. Chalk is an organic limestone 
made up of tests of Foraminifera mixed with the minute organic bodies named 
Coccoliths. 

Dolomite is a double calcium and magnesium carbonate. It may be distinguished 
from common limestones by its higher lustre, slightly greater weight, failure to effervesce 
with cold acid, and by often weathering of a rusty colour, in consequence of the presence 
in it of ferrous carbonate. 

Marl is an earthy mixture of calcium carbonate with clay or sand. The calcareous 
matter is sometimes in a fine state of division and sometimes as fragments of shells 
(shell marl). Marl is distinguished from ordinary clay by effervescing briskly when 
treated with an acid. 

Gypsum, or Calcium Sulphate, is of less common occurrence than limestone, but 
sometimes constitutes thick beds of great purity. Anhydrite is often associated with 
the ordinary hydrous variety. 

Coal and carbonaceous rocks will be referred to under the heading of Minerals in 
the Appendix. 

Iron ores will also be noticed under the same heading. 

Section 2. Met amorphic Kocks. 

These are rocks originally aqueous or aqueo-igneous, which have been 
subjected to the action of heat and pressure, along with chemical agencies, 
until their particles have so rearranged themselves as to give a crystalline 
character accompanied by differences in the state of combination of the 
contained elements. 

The metamorphic rocks are intermediate in character between the 
unaltered aqueous and the plutonic series. On the one hand they pass 
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into ordinary aqueous rocks, on the other by becoming highly crystallin 
and losing their original bedding, they graduate into plutonic rocka. The 
principal varieties of these metamorphosed rocks are the following ; — 

Qaartzile or Qaarli Sort is a rBBultof tha aJteration of sandBtone, whereby its gcaina 
of sand beoome mBeparable and HomeCim^ indistinguiflhable. 

Oneiis is a product of the alteration of BedimenCn contaiiiiiifc sufficient basic matter 
for tha production uf Felspar and Hornblende or inica. It thus reaemblea (^amte in 
compojiition, and is distinguished by its laminated structiue and stratified arrani^ 
ment. Many gneissea may liave originally been bedded trachytes or volcanic taSa. 

ArgilHte or Clay Slate ia a product of the alteration and hardening of clay or ahale. 
It is remaifcable for the development in it of itaty ttructnre, which arisea from the 
forcing by lateral preaaure, of all flat particles in a soft mass into poaitions in which 
they lie at right angles to the direction of pressure. In this way the most perfect 
Ituniaation is often produced in planes quite different from those of bedding. 

JUica Srhiai is a crystalline mixture of Quartz and Mica. It is a product of the alter- 
ation of shales. It often containe diaeeminated minerals, as pyrlte, garnet, stnuroltta, 
or chiastolite. By addition uf felnpar it paasea into gneias. B; Increase of quartz it 
becomes micaceous quartzite or quart^c achist, and by diminution of its crystalline 
character it pusses into Argillite. 

Horableade SchUt ia a laminated mixture of hornblende with quartz, and aometii 

Taie Schist is a slaty rock in which Talc Cakea the place of Mica. 

Chlorite Sehiil is a similar alaty rock conaiating largely of that mineral. 

Nactioui or Bgdro-mica SckMt is a name which haa been given to crystalliae slates 
in which a hydrous Mica takes the place uf the ordinary Mica. 

JUarbU or OjisfoiKM iiiHMtone and Orystattine DolomUt include the varietiea of 
these rocks in which a perfect cryatallization and often a white colour have been 
developed by metamorphiam. OpkioliU ia a, marble containing grains or streaks and 
patches of Serpentine. 

AnthratUe and Oraphite result from the alteration of Coal or of bituminous matter, 
Thna ordinary coal poasoa, under alteration, into anthracite, and fiuaJIy, in certain 
caaea, into graphite. And bituminona ahales pasa into graphitic alatea. 

Magaetite ia very often a product of the nietamorphism of ores ccDsiatii^ of the 
Bosquioxide of iron. 

Local metamorphiBm can often be ol^serred at the contact of aqueous 
rocks with the larger igneous masses, and a study of these cases affords a 
key to the explanation of those larger examples in which no obvious 
cause of alteration ia present. Metamorphiam is induced or favoured by 
heat, by pressure, and by the percolation of heated and mineral waters; 
and rocks of complex character and containing basic and acidic minerals 
intermixed are those which present the most remarkable metamorphic 
changes. Such rocks have abounded more especially in the oldest rock 
formations, and in those partly made np of igneoua ejections. At the 
same time the older deposits and those near to igneoua foci have been the 
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most espoaed to metamorphic agenciea. Hence certain metamorphic or 
ciyetaUine rocks are characteristic of the older formations, though not 
absolately confined to them. 








Met&motphic rock (GneisB) interaected by Igneous dykes. Lake of the Woods. (l) 
Red FeUpar. (n) GresDiah Diorite. (in) Homblendic Diorite. (iv) Red Graiuta. 
(G. M. Dawson.) 

Scale — 6 feet to ao inch. 

The conclusions of geologists have from time to time varied greatly aa 
to the causes and extent of Metamorphism of rocks. These differences 
of opinion have, however, like many similar disputes, been to some extent 
subjective rather than objective, and have depended on the capacity of 
obBervers to comprehend the phenomena which they have studied. 

As to the facte, the conversion of woody matter into Anthracite, and 
Graphite, and finally into Diamond, the change of ordinary oi^anic lime- 
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stones into crystalline limestones, with various disseminated minerals con> 
tained in them, the change of sand into quartzite, o^ clay into micaceous 
schists, and many similar metamorphoses are so common and well known 
that they cannot be disputed. Such changes may refer either to crystal- 
lization of rocks not previously crystalline, to recombination of the ingre- 
dients of originally elastic or organic rocks, or to the introduction of new 
mineral substances by water or in vapour, and the consequent develop- 
ment of disseminated minerals whose materials were not previously pre- 
sent. The first of these is what Bonney has called Metastasis, or changes 
of position of molecules. The others come under the name Metacrasis, 
or changes of combination. What has been called Methylosis, or change 
of substance, is altogether exceptional, and not to be credited, except on 
the best evidence, or in cases where volatile matters have been expelled, 
as in the change of haematite into magnetite, or of bituminous coal into 
anthracite. 

As to the causes of such metamorphic eflfects they are to be sought in 
the action of internal heat, aided by heated waters, along with enormous 
pressure either vertical or lateral. Local examples show the efficacy of 
these causes on a limited scale, and enable them to be applied to the 
larger areas of metamorphosed rocks, or to the phenomena of what has 
been called Regional as distinguished from Local Metamorphism. In 
connection with this, it is to be observed that the facts already stated in 
connection with igneous rocks show that the lower and older portions of 
the stratified crust must have been subjected for long periods to the con- 
tact of heated magmas in the under-crust, and to the action of heated 
water and the mineral matter contained therein under intense pressure. 
We shall also find farther on that the earlier stratified rocks are of small 
relative thickness, and have been crumpled and folded by lateral pressure 
in such a manner as to produce changes of their texture, and also to sub- 
ject them to the action of heat and heated waters under different con- 
ditions from those which would have applied to them when horizontal. 

The study of metamorphic rocks, whether in hand specimens or under 
the microscope, involves a combination of the questions and methods 
already referred to under igneous and unaltered aqueous rocks ; and this 
complexity causes it to be a subject of greater difficulty. A glance at the 
geological map, or at any of the general sections of Canadian rocks in this 
volume, will show that aqueous rocks, whether unaltered or metamorphic, 
largely predominate over the surface of Canada as in all the larger areas 
of our continents. 
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a Roosa and Fobsils for tbe Microscofe. 



The aid ot tlie microscope is inv&tuabls in examining rocks of mnat kinds, and 
eapecisilly thoae that are crystaUine. They may be studied as opaque objects or in thin 
flakes brokea oS with a hammer, but much better in thin slices prepared by a skilful 
lapidary, or which tbe student may prepare for himself as follows : — 

Slicing and polishing machines may be puFcbased in London or Berlin, or Si lathe 
may be converted into a Lapidary's wheel." 

If not provided with such a mocbine, the lithologist may use the following 
method: — 

A cast iron plate should be procured about 9 inches square ; two pieces of glass 
of the same size ; a Water-of-Ayr stone ; cnarse and fine emery and patty powder i 
glass slides, covering glass and Canada balsam for mounting the specimens. 

Chips are then broken off tho rock to be examined with a small hammer. They 
should be aboQt half an inch in diameter, and as thin as possible. One side of a chip 
is ground flat on an iron plate with emery and water. To facilitate this the chip may, 
if desired, be cemented with a cement made of rasin and bees' wai to a piece of wood. 
When one side has been ground flat, the chip is washed and the surface is then polished 
on the glass plate with flour of emery, or on the Water-of-Ayr stone. When quite 
polished the chip is again washed, and its flat side is now cemented with hard Canada 
balsam, or with metlod lac to a strip of glass, and the other side is ground till the 
chip becomes transparent or translucent, when it can he washed and examined with 
the microscope when moist and covered with a thin glass. If not sufficiently thin, it 
can be farther reduced with putty powder on glass, or on the Water-of .Ayr stone. 
Care is required in the last stage lest the chip be altogether ground away. Practice 
will soon give the required nicety of touch, even if there be some failures at firsL It 
will be best to begin with rocks not too hard, brittle or opaque. 

The chip having been reduced to a transparent film, may be warmed and covered 
with balsam, or with balsam dissolved in ether, and a thin glass cover applied to it and 
a label gummed on and marked. If, however, it is desired to have neat aUdes, the 
balsam may he softened by heat and the thin film of rock sUpped off to a clean slide on 
which it may be mounted in balsam. 

To determine the minerals in the rock, the micrD8Co{ie should be furnished with a 
polariscope of two Nichol's prisms. For special lithological research, microscopes fur- 
nished with many appliances are now made ; but for ordinary purposes any good work' 
ing microscope furnished with a polariscope will suffice.f 

The above directions apply equally to fossils, except that of these it is usually 
desirable to have two or three slices in different directions. In the case of fossil 
woods, for example, we require a tranaverse sUce and two longitudinal, one radial and 
one tangentioL 

' Cotton i Jordan, Grafton St., Soho ; Cottell, 62 New Compton St., Soho : Fuesa, 
Berlin. The latter makes small and cheap machinery. Cutting Discs are made by 
Een, 35 Westminster street, Providence, R, I. 

t The best books on Microscopic Lithology are those of Zirkel and Rosenbusoh, 
(German) ; and Rutley, " The Study of Rocks.'' 
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deposite, in which such remaine occur little modified or perhaps only 
slightly changed by partial decay of their more perishable parts, aa, for 
instance, of the animal matter of bones. In the older formations, how- 
ever, organic remains are usually found in a more or less mineralized con- 
dition, in which their original sutratance has been wholly or in part replaced 
by mineral matter, or has lieen chemically changed. The more important 
of these changes are the following ; — 

(a) InJUlralion of mineral matter which haa penetrated the pores of the 
f(«sil in a state of solution. Thus the pores of fossil wood are often filled 
with calcite, quartz, oxide of iron or sulphide of iron, while the woody 
walla of the cells and vessels remain in a carbonized state. (Fig. 4.) 
Bones, sheila and corals in like manner have their cavities filled with 
mineral matter, and are rendered hard and heavy thereby. Tn the sea 
bottom the filling material is not infreqiiently composed of Glauconite or 
other hydrous silicates, (Fig. 5.) We sometimes find on microscopic 
examination that even cavities so small as those of vegetable cells and 
vessels have been filled with successive coats of diflerent kinds of mineral 
matter. 




mm civbontzed plonU of 

(b) Organic matters may he entirely replaced by mineral aubstaucea, 
In this case the cavities and pores have been first filled, and then, the 
walls or solid parts being removed by decay or solution, mineral matter 
either similar to that filling the cavities or differing in colour or com- 
position, has been introduced. Silioified wood and silicified corals often 
occur in thia condition, In the caae of corals nnd similar calcareous 
structures included in limestone, it aometimes happens that the walls of 
the corala are silioified while the cells are filled with limestone. Fossila 
thus preserved often appear with great distinctness projecting from the 
weathered surfacea of the containing rock. (Fig. 6.) In the case of 
silicified wood, it sometimes happena that the cavities of the fibres have 
been filled with silica and the wood hos been afterwards removed by decay, 
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leaving the caste of tiie tubuinr fibres as a loose fitnmentous substance. 
The more important of the foregoing luoiies of presentation are represented 
in Fig. 7. 




Fig. 5.— Joint oE a Ctin..i-l having the pores filled with a hydrous i 
Ulftueonita. Upper Silurian, New Brunswick. MaRuified. 




a 
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6. — 3ilicified Pi'rala, Petyaia pygiaea, anA erinoidul 
joiiits n-eathered out i>n a limestone surface. 
(After Billinga.) 
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I'ift.T.— Sect n» f partof a cellof aTabuUtcConJindifferentBtatesnt i 

[a) Cell-wail calcite, cavity empty. 

((.) Cell-wall calcite, cavity filled with the same. 

(e) Cell-wnll calcite, cavity filled with silica or a silicate. 

(rf) Cell-wall replaced by ailjca, cavity filled with calcite. 

(e) Cell-wall replaced by uiliea, cavity filled with silica. 



(c) The substance of organic remaiuB may he wholly removed, leaving 
mere moulds or tmpresswns of their external forms or perhaps moulds of 
the external forms and casts of the mtenor<i This frequently occurs on 
the surfaces of rocks wheie for e'cimpie calcareous fossils have been 
■weathered out frim a hirder matrix but it als ci-curs in the interior of 
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porous beds, owing to the solution of the foasila by percolating waters. 
In the case of foseils in this state, it is always necessary to consider 
■whether the impression observed is that of the true exterior surface, of an 
inner lain or of an interior cavity. 

(il) The cavities left by fossils which have decayed 
may be filled with clay, sand or otlier foreign matter, 
and this becoming subsequently liardened into stone 
may constitute a cast of the fossils. Trunks of trees, 
roots, &c , are often preserved in this way, appearing 
as stony casts, often with the outer bark of the plant 
forming a carbonaceous coating on their surfaces. 
(Kg. S.) 

Fig. 8. ' Trunk of Sigillatia re 
tlie interior uf tlie bark. 
Hsduced. ■ 

Fossils preserved in the two first modes usually show more or less of 
their minute structures \rader the microscope. These may be observed, 
(1) By breaking ofF small splinters or flakes and examining tjiem either as 
opaque oraa transjiareiit objects. (2) lly treating the material with acids, 
BO as to dissolve out the mineral matters or portions of them. This 
method is applicable to some fossil woods, ailicified corals, &c. (3| By 
grinding thin sections. Tiiese are first polished on one face, then attached 
to glass slips by a transparent cement or Canada balsam, and ground until 
they become so thin as to be translucent. (See p. IG.) 

In the movements to which rocks have been subjected, fossils have 
often been distorted by pressure, whether vertical or lateraL Thus 
trunks of trees originally round have beim flattened by the vertical com- 
pression of the beds, and where lateral pressure has affected the contain- 
ing rocks, shells and other fossils have been shortened, lengthened or 
distorted obliquely. (Fig. 9.) 





— Spii-i/o' Nidai-fnaii, latiei Erian of Nova Sontii 
iBrgthened, by dietortion, in the direction iit iho i 
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Ichnites or fossil footprints and siratlnr mdrkiugs constitute a pecnliar 
and Bometimea interesting kintl of fossils. Animals walking over muddy 
ehores may leave impressions, which being partially harfleiieJ by the air 
and Bun, may not be obliterateil by the succeeding deposits of sand or 
mud. Once so covered up, they remain for an indefinite time, and if the 
beds be hardened into stone, the footprints appear distinctly as the layers 
are removed by the quarrymen. In this way the footprints of some lanct 
animals, not known to lis by otlier remains, have been preserved, and 
important information has been obtained as to their affinities and habits. 
<Fig. 10.) 




n rippte marked BandstODa. Cnd 

Not only land animals, but aquatic creatures, as fi^es, crustacean^ 
worms and rooiluaks, have left impressions and traib on the surfaces of 
beds, and these though lees delinit« tliam the footprints of land aniniale, 
are of some importance as fossils. Such impresEions have sometimes been 
mistaken for fussil plants ; but they can he distinguished by the absence 
of carbonaceous matter, by their close cnnnectton with the substance of the 
containing beds, by their being' iu relief on the under side of the bed^ 
and by their forms. (Fig. 1 1.) 

The geological fjbaerver in exaraloing any section at exposure of rocka^ 
while noting all the facts resjiecliiig stcatigmjihical airaogeaient and 
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relationa, carcfull; collects the fossils of each bed, and labels them in such 
a manner that their order of Biu'cession can l>e preserved. The study of 
these fossils nioy be ex[>ected to afford important information respecting 
the age and conditious of deposition of the beds. Should the obtierver 
not poBseas the special knowledge necessary to interpret the fossils 
obtained, he has recourse to palieontological specialists, either experienced^ 
in the fossils of the formation in question, or of the groups of a 
plants represented in the collections. 




The most abundant and characteristic fossils available to the 
palaeontologist are those of aquatic animals, having hard shells, crusts or 
cells. Thus practicidiy the most important elementary knowledge of the 
study of fossils is that relating to tlie characters of invertebrate animals, 
and especially those of the sea. The student should therefore have some 
familiarity with this subject, and should have for reference some good 
zoological textr^book, and if possible some work on the special palteontology 
of the district or formation he may be studying. 

In some geological formations, especially tlie middle and newer members 
of the geological series, a knowledge of vertebrate animals becomes 
important ; while in others, as the coal-formation, an acquaintance with 
fossil plants is necessary. 
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(2.) Classbs op Animals most important in PALiEONTOLOGY. 

The following table indicates the groups of animals most important 
to be known in connection with the study of fossils : — 

PROTOZOA. 

1. Khizopods - . • Foramanifera Polycistina. 

2. Porifera Sponges. 

OOELENTERATA. 

3. Hydrozoa Graptolites, Sertularians, &c 

4. Anthozoa Coral Animals. 

EOHINODERMATA. 

5. Crinoidea Crinoids, or Feather-stars. 

6. Asteroidea Star-fishes. 

7. Echinoidea Sea-urchins. 

8. Holothuridea Sea-slugs, &c. 

MOLLUSOA. 

9. Polyzoa Sea mats, &c. 

10. Brachiopoda Lamp-shells, &c. 

1.1. Lamellibranchiata . ... Ordinary bivalves. 

1 2. Gasteropoda Snails and their allies. 

13. Cephalopoda Nautili, Cuttlefishes, &c. 

ANNULATA. 

14. Annelida Worms. 

ARTHROPODA. 

15. Crustacea Soft shell fishes, &c. 

T.6. Insecta Insects proper and Myriapods. 

17. Arachnida .... * Spiders and Scorpions. 

VERTEBRATA. 

18. Pisces Fishes. 

19. Batrachia or Amphibia Frogs, Newts, &c; 

"20. Keptilia Keptiles proper. 

21. Aves Birds. 

22. Mammalia Mammals. 
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(3.) CULBSIFIOATION OF PlANTS FOB PURPOSES OF PALiBONTOLOGT. 



CRYPTOGAMS. 



*Thallogen8y or 
Thallophyta 



Algae Sea weeda 

Lichenes Lichens, &c. 

Fungi ; : Mushrooms, &c. 



AnogenSy or f Musci Mosses. 

Bryophyta \ Hepaticse Liverworts. 



AcrogenSy or 

Pteridophyta . . . 



Filices Ferns. 

LycopodiacesB. Club-mosses. 

EquisetacesB Mares-tails. 



Gymnosperms, or ( Cycadese Cycads. 

Archispermae . . . \ ConifersB Pines, &c. 



CO 



•s 



„ ^ ( Numerous families of palms, grasses, and allied 

' * * \ plants, with Monocotyledonous embryo. 

jP . . . . / Numerous families of exogenous and covered- 

\ seeded plants, with Dicotyledonous embryo. 



For further information as to fossil animals and plants, and more 
especially as to their characters and classification, the student may be- 
referred to the author's " Hand-book of Zoology " and " Geological 
History of Plants," and also to such larger works as Nicholson's- 
" Palaeontology " and ZittelFs " Palaeontologie." With reference to the 
special Palaeontology of Canada, reference may be made to the various- 
Memoirs of Billings, Whiteaves and the author, in the Keports of the 
Geological Survey of Canada, and to the Palaeontology of New York, by 
Dr. James Hall. Illustrations of some characteristic fossils will also be- 
found in the following pages.— 

* To these may be added the extinct group of Protogens having Algoid stmcture- 
but constituting forests in early Palaeozoic times. • 



ni. PHYSICAL GEOLOGY AND STRATIGRAPHY. 

The previous departments relate principally to the study of hand 
Bpecimona. This introduces us to the arrangement of tocks on the large 
e, or to the manner in whieh they are liuilt up as constituents of the 
crust of the earth. As the greater part of rocks are bedded or stratified, 
and the massive and vein-formed rocks may he considered as subordinate 
to the bedded in all those parts of the crust accessible to us, the term 
Stratigraphy may be used to cover the wliole subject of roeJc arrangement 
on the large scale. 

(L) Origin of Aqueous Deposits. 

It will be useful in introducing this subject to notice in the first place 
the mode of formation of stratified rocks, and other matters connected 
with their present condition and appearance. — 

In nature there is a constant struggle between aqueous and igneous 
agencies in modifying the materials of the earth's crust. The deeper 
portions of the crust are being slowly softened and crystallized under the 
influence of heat and pressure, and are thus being converted into meta- 
morphic rocks, and these finally into plutonic masses, portions of which 
being erupted constitute volcanic products. On the other hand the 
iraters and the atmosphere are constantly decomposing and wearing away 
the crystalline rocks at the surface, and depositing their detritus in the 
laottom of the waters. These processes seem to have been active, through- 
out the whole of geological time, in producing igneous and aqueous rocks. 
Since, however, the latter are the more important in geology, on account 
of their greater relative ahuudance, their regularly bedded character and 
the fossils they contain, we may direct our attention in this place princi- 
pally to them, having already shortly noticed igneous phenomena under a 
previous head. 

Atniogpheric Erosion. — We have seen that the most common crystalline 
rocks are composed largely of silicates, as the Felspars, Uomhlende and 
Pyroxene. When these are exposed to the action of the atmosphere and 
of rain water, which always holds carbon dioxide in solution, the soda, 
potash, lime, and other bases which they contain in combination with 
silica, are gradually removed in the state of carbonates, leaving the 
alumina and silica behind in an incoherent state. Thus from the decay 
of a hornblende granite there may result quartz-sand, clay, limestone, and 
iron oxides, which, when sorted and variously deposited by water, may 
assume the appaarance of distinct alternating beds, while the alkaline 
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matters removed in solution are washed into the sea or into lakes, whete 
tliey may aid in chemical changes leading to other kinds of deposition. 

To the atmospheric agencies we may also add the disintegrating power 
■of frost, whieli, by the expansion in the act of freezing of tlie water con- 
tained in locks, chips off sand and fragments, and rapidly reduces very 
Jiard rouks to ruins. In mountains and the polar regions this action of 
frost is aided by the mechanical movement of glaciers, which removes to 
lower levels or iuto the sea the uiateriitl disintegrated by frost, and which 
^so exercises a polishing and abrading effect on the subjacent surface. 
The action of const ice, which is also very powerful, may rather be classed 
with aqueous agencies. 

Aqueous Erosion. — This tnkes place by the abrading action of rivers and 
-torrents, by the beating of the waves on coasts, by tidal currents, by the 
action of cold heavy currents on the sea bottom, and by the solvent action 
of springs and other subterranean, waters. As these agents are constantly 
Sit work, the changes which they produce in the lapse of ages are very great. 
It has been estimated that the atmospheric and aqueous causes of erosion 
-at present in action, would suffice to remove the whole of the dry land 
into the sea in about six millions of years. 

Depotition. — The materials thus set free by chemical decomposition 
.and mechanical abrasion are deposited in layers in the depressed portions 
of the earth's crust occupied by the waters. The coarser materials, aa 
pebbles and sand, may be tlirown down along coasts and at the mouths of 
rivers; the finer materials will be carried farther out to sea, and those 
held in solution may be ultimately fixed in the organisms of coml animals 
-and other marine creatures, and may form coral limestones and aimilai 
-orgaiuc deposits. 

In any given locality all these agencies, whether of erosion or of 
■deposition, may be greatly modiSed from time to time by changi;^ of level 
or of climate, whether arising from movemonts of the earth'« crust, or 
ifrom astronomical causes ; and also by volcanic paroxysms brenAing forth 
irom time to time. 

(2.) HARnENING AND ALTERATION OF AoCHODS UbPOSITH. 

Aqueousdeposits thrown down by crystallization maybe hard From the 
"first; but sedimentary beds are usually at first soft, and are hardened by 
subsequent processes such as the following :— 

(a) By presguj-e of a great thickness of superincumbent matiTial. In 
this way, for example, soft clay is hardened into shale, and peat into brown 
coal ; and there is reason to believe that lateral pressure, occasioDeaj 



occasioDe)}^^^— 
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folding and settlement of the earth's crust, may produce still more power- 
ful effects in hardening and crystallizing rockB. Pressure may act by con- 
densing soft sediments to a fraction of their original thickness, hy arraug- 
■ing flat particles on the same plane, thus causing lamination or cleavage, 
by causing minute jiartitles to adhere by contact, and by developing heaU 
(b) Bij InfiUi-ation of mineral matter in solution. Subterranean 
waters usually contain calcium bicarbonate, soluble silicates or other 
inineral substances in solution, and depositing tliese in the interstices of 
Wnd, gravel, fragmenU of shells, &c, may ultimately cement such materials 
into a compact rock. (Fig. 12.) 




(c) Bij Heat. When sediments are buried at so great n depth that 
Ithey are acted on by the earth's internal heat, or when heat is developed 
E by the movement and crumpling of great masses of rock, or when 
I Bediments are invaded by intrusive molten rocks, they become baked and 
■•hardened, and in some cases their particles are enabled to arrange them- 
1. selves as distinct crystalline minerals or to enter into new chemical com- 
l/binationa. The result is metamorphism, which, as already stated, may 
F'chaDge mud or volcanic ashes or similar incoherent material into the 
■ liardest and most crystalline rock. It is farther to be observed that the 
( heat to which sediments are subjected at great depths, is not dry heat, 



28 STBATIGRAPHY. 

since their substance is saturated with water, and this being prevented by 
pressure from escaping, remains in a lieated state, and must greatly pro- 
mote chemical and molecular changes. 

(3.) Con CKKTio NARY Action. 

An important modification of these hardening processes results from 
concretionary action. This is nn unequal hardening of the mass, whereby 
certain portions of it become indurated into balls, nodules or grains. It 
depends upon molecular attractive movements collecting together certain 
constituents of the mass, and may produce the following kinds of 
concretionary structure ; — 

(a) The wIioIr mass of material may assurae a concretionary structure, 
aggregating itself into nodular grains This is the case with Oolitic lime- 
's and 0?hhe ores of tiun (Fig 13 ) A similar change sometimes 




(b) Foreign materials diffu'sed through the mass may be collected into 
limited spaces, and thus form concretions This is the case with flint* in 
chalk and ivith day ironstone in beds of shale. 

(c) The cementing substance of the mass may be unequally collected 
in certain portions at the expense of the rest. This oecm's in the hard 
concretions in clays and in "bull's-eyes" in sandstone. 
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Fig. 14.— Rounded 




) split . 



Any foreign body, as ft fossil or (i grain of sand, may form a nucleus for 
a concretion. (Fig. 14.) Concretions liave often a concentric lamination 
B-marking their stages of increase. They are sometimes hardened at the 
I surface while the interior renmins soft, nnd the latter may subsequently 
I. crack from shrinkage. When these cracks are afterwards filled with other 
I mineral matter, Septaiia concretions result. Concretions often assume 
1 very fantastic shapes, and have been mistaken for fossils. 

The curious conical hodios found abiiudautly in some beds of shale 
and greenstone and known as " Oone-in-erinp,'' (Fig. 15,) appear to be 
caused by concretionary action proceeding fi-om the surface of a bed or 
layer and modified by the gradual compreaaion of the material.* A 
[ similar origin has been attcibiiteii to the columnar striated bodies found 
ind named Sty!oHtp.s, which are often occasioned by 
presence of sheUs or other objects on a soft t 
rxompress 
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Geodes, which are cavities in rocks lined with crystals, are distinct in 
their mode of formation from concretions, though sometimes confounded 
with them. 

(4.) Colours op Aqueous Rocks. 

The mo3t abundant colouring matter in rocks is iron. Its monoxide 
and sulphide when diffused through sediments produce green, gray an4 
blackish colours. Its sesquioxide produces red colours. Its hydroua 
sesquioxide gives yellow, buff and brown shades. Peroxide of manganese, 
is sometimes a cause of black colours in rocks, and coaly matter is also \ 
not infrequent cause of the blackening of sediments. 

The following facts are important with reference to the coloura 
produced by iron : — 

(a) In the subaerial decomposition of most rocks a sufficient quantity 
of sesquioxide of iron is produced to colour the resulting sands or clays. 
In ordinary circumstances it is the brown or hydrous oxide that is pro- 
duced in this way ; but in warm climates, under the influence of volcanic 
heat and in the presence of saline waters, the red oxide is produced. Thus, 
the subaerial decomposition of crystalline rocks coloured gray, green or 
black by sulphide or monoxide of iron, gives rise to brown and red 
sediments. 

(b) If the sediments thus coloured are rapidly washed down an^ 
deposited in the sea, or in limited areas of fresh or salt water, they may 
retain their colours, and thus the red, brown and purple sandstones and 
clays so characteristic of certain formations are produced. 

(c) If the sediment is long abraded by moving water, the clay is separ- 
ated from the sand, and the superficial red coating is washed from the 
latter so that it loses its colour. In this way gray or white sandstones are 
often found to alternate with red or reddish shales. 

(d) When sediments coloured with iron are deposited in fresh water 
along with organic matter, as peat, &c., the latter deprives the iron of a 
portion of its oxygen, reducing it to monoxide, and this being soluble in 
the acids naturally produced by the decay of the vegetable matter, is 
removed, leaving the sand or clay in a bleached condition. 

(e) When the deoxidizing process occurs in sea water, the sulphates 
present in the latter being decomposed at the same time with the iron 
oxides, a black iron sulphide is produced, which gives a gray colour more 
or less dark to the sediment. Material coloured in this way becomes buff 
or brown on weathering, and becomes red when heated in the air. This 
is a useful mark of marine clays. In this case or the last, scatterecl 
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o^anic fragments deposited in red sediments nnd not iu sufficient quan- 
tity to affect the colour of the whole, pruduce gray or white stains. 

(f ) If oi^anic matter be present in large quantity, it not only r( 
the red colour but communicates its own black or dark browD colours to 
the whole. 

The aboye considerations serve to sliow why red rocks have 1 
deposited in large quantity in times of physical disturbance and volcanic 
ftctivity,and generally when deposition iarapid ami organic matter absent. 
They also serve to explain the presence of red beds with rock salt 
deposited from the waters of saline lakes or lagoons, Xliey also explain 
the rarity of fossils in red rocks, siiice the retaining of the red colour 
implies scarcity of organic remains, and an excess of peroxide 
tends to oxidise and destroy ancli as may be present. On the other hand 
they show why gray and dark coloured beds are those which most 
abound in fossils. 

(5.) Mabkingb on the Surfaces of AijuEoiia Rocks. 

The circumstances under which aqueous beds have been deposited are 
often indicated by markings seen on their surfaces. 

(a) Ripple marks, caused by the motion of currents throwing up slight 
ridges and hollows at right angles to the direction of the current. 

(b) Currmt lineg, caused by the driftage of sand, organic fragments, or 
Bea-weeds and drift wood, iu the direction of the current. 

(c) Rill marks, caused by the running of drainage water over inclined 
surfaces of mud and clay after recession of the tide. These are often so 
complicated as to simulate foliage and have frequently been mistaken for 

plants. (Fig. 16.) 





Rill-marke, CarboniterouB (reduced.) 

(d) Shrinkage craelce, produced by the drying and shrinkage of 
I muddy surfaces when left bare to be acted on by the sun and air. 

(rig- ".) 




17 — Shnnkage cracltn C»rb n fsr us (reduced ) 

(e) Sain marks, or rounded pit" produced liy tain drops, or washed 
surfaces produced bv continuoua lain, afterward eoiered up and preserved 
by sub^quent deposits (i i„ 1 ** 




Fig. IS. — Kail I -111 arks, f II J modern, (b e) Cftrbooiferona 

These markings beloug for the moat part to shallow waler and to the 
■vicinity of the shore and to tidal estuaries. Tliey are often of much 
interest as iudicating the conditions of deposit and the changes which 
have taken place in tliese. 

(6.) Ahbahoement of Bocks on the Larqb Soalei. 

"With reference to tliis, tlie materials of the earth's crust exist in three 
different conditions ;— (1) The Stratified ; (3) The Massive or Unslrati- 
fied; (3) The Vein-formed. The rocks of the second and third classes 
are however subordinate to those of the first, which vastly predominate in 
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those parts of the earth open to out inspection. AVe may therefore c 
eider first and principally the Stratified rocks. (Figs. 19 and 20.) 

All ordinary aqueous or sedimentary rocks are 
Btratified, or arranged in beds more or less nearly, 
when undisturbed, approaching to a horizontal 
position. 

A Lamina or Lay^r is the thinnest sheet into 
which a stratified rock is divisible. Some shaly 
.re divisible into extremely thin laminae, 
beds are destitute of lamination and are 
Baid to be compact. 

A Stratum or Bed is of greater thickness, or 
may consist of several laminee — e. g. u bed of 
laminated sandstone or shale consisting of several 
layers. 

The term Seain is often used by miners for beds 
of useful minerals ; and when aucii beds are con- 
siderably inclined, they ate sometimes called 

ins, though not of the nature of true veins. 

A Formation consistsof several beds deposited 
■consecutively and under similar general con- 
ditions. A formation may thus include beds of 
rock of different kinds, though usually there is a 
certain lithological similarity in the 1>eds con- 
stituting a formation — e. g. the coal formation, 
which includes many beds of sandstone, shale, 
coal, &o., or the Laramie Series of the West. 
(Fig. 20.) 

The idea conveyed by the term " Formation " , 

one of the moat important in Geology, since it 
relates not to lithological similarity hut to con- 
tinuous deposition uudcr like general conditions. 
The more important formations are designated 
^by the term Series, and subdivisions of such 
formations by the word Stage, (Fr. etage.) 

By French Geologists the word " Terrane " 
used in a general sense to indicate any 
formation. 
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A St/item of Fonmtioni includes all 
the formations of one of the larger 
geological periods — e. g. the Carbon- 
iferous System, which includes with the 
coal formation other formations belong- 
ing to the same great geological period. 

The term Group has heen proposed 
for the larger Divisions embracing 
several systems ; hut this term is more 
usually and properly employed to des- 
ignate any assemblage of strata or forra- 
atioQS. 

Inasmuch as formations and systems 
of formations imply the lapse of time, 
they may also be designated by terms 
relating to time. Thus ive may apeak 
of the Carboniferous Period, the Coal- 
formation Epoch. 

The classification of formations in 
relation to time will be considered under 
the heading of Historical Geology. 




of Laramie fnnn- 
atiuD, wesC nF Manitoba. The 
whole of the beda ahown, except the 
soil and drift, belong to one Form- 
ation, though differiuR in mitunl 
characters. Some of them, aa the 
shale beds, are laminated. (6. M. 
Dawson. ) 



(7.) Joints and Slaty Cleavage. 

These appearances are important, because it is necessary to distinguish 
them from planes of bedding. 

Joints are planes of division cutting beds at various angles, though 
usually approaching to vertical. They often divide the bed into oblique 
angled blocks by the intersection of two sets of cleavage planes ; and 
when the cleavage planes of one set are close together they often simulate 
true bedding. Joints sometimes facilitate tlie operations of the ([Uarry- 
man by enabling blocks of stone to be more readily detached ; but when 
numerous they injure stones otherwise useful. 

"When joints occur in beds of igneous rock they sometimes give origin 
to a columnar etnidure, as in beds of basalt. 
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Joints are often gliekermded, that is, they have their surfaces polished 
by frictioa which has occurred during movements of tlie beds. Joints 
may sometimes have been produceJ by such mechanical movements ; 
but are usually attributed to shrinkage or to a rough kind of crystalline 
cleavage. 

Joints are sometimes widened into fissures, which being filled with 
foreign matter, constitute veins. The joints of rocks thus connect them- 
selves with the vein-condition afterwards to he noticed. 

Jointed structure sometimes weakens otherwise enduring rocks so as 
to permit them to be worn into ravines and valleys. 

The student should observe here that in cases where intense pressure 
has been applied to massive igneous rocks they have sometimes assumed 
a laminated structure similar to that of metamorphosed aqueous beds. 
Such phenomena are usually local, and are to be distinguished by study 
of the relations and structure of the rocks concerned. 

Slaty structure is a lamination not caused by original deposition but by 
pressure subsequently exercised, whereby plates of mica and other flat 
bodies present in the material, maybe induced to assume positions paral- 
lel to the plane of pressure. Such slaty structure or slaty cleavage has 
been effected in many regions over great thicknesses of beds, and while it 
ie of practical importance as giving the best roofing slates, it is somewhat 
puzzling to geologists as masking the true bedding. This can however 
be uauajly ascertained by noticing the bands of colour and structure which 
represent the original planes of deposit. In some cases the planes of 
bedding and of cleavage coincide, but in very many they are altogether 
different. (Fig, 21.) 



■ "Sig. 21.— Silurian shales affected witb alaty cleavage, Matapedia Ri>er The bed 
I is repreaented by the slightly inclined lines ; but the rack cleavee ocrosi 

H bedding in the planes indicated by the mure highly inclined set of line 
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(8.) Inclined Position of Beds. 
Aqueous strata liavt been originaliy deposited in a position approaching 
to horizoutality. The only exceptions to this are where these beds have 
been uniformly tlispoaed over uneven or inclined surfaces, or where 
material has been washed over the edge of a hank, giving rise to oblique 
stratification or false bedding. Movements of the crust of the earth, end 
especially laovements of folding or bending which have apparently arisen 
from the shrinkage of the mass of the earth as compared with its crust, 
have however caused the originally horizontal beds to assume various 
degrees of inclination. Aqueous erosion has further caused the broken 
edges of bent strata to protrude at the surface. The degree and direction 
of such inclination afford most valuable data for ascertaining the relative 
positions and ages of beds The most important facts of this kind are 
the following 



Fig. 22.— loclLnBd 



(a) Dip, or the angle of inclination to the horizon as measured by 
the clinometer. 

(b) Direction of Dtp as ascertained by the compass. 

(c) Striku, or the horizontal line at right angles to the dip. 

(d) Outcrop, or the line of intersection of the plane of thi 
the surface of the country. On perfectly level ground this is of course 
identical with the strike. Otherwise it is different. 

Observations of these facts can be made in natural exposures, as cliffij 
and shores, or in artificial exposures, as quarries, cuttings, mines, &c. The 
harder rocks usually project in ridges and the softer are cut into hollows. 
Hence the lines of ridges and valleys often form very useful guides in 
tracing the outcrops of beds. The harder rocks are also mote likely to 
crop out at the surface than those which are softer, and the latter are 
more liable to lie in low ground and to be covered with soiL 

A Hne drawn across the strike of a series of beds gives a section of 
those beds, and in proceeding along such a line in the direction towards 
\whicb the beds dip, we obtain an a-icending series. In the opposite 
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direction we obtain a descending aeries. Thus we can ascend or descend 
geologically in proceeding along the surface of the ground, and geological 
ascent and descent do not coincide with topographical, except where the 
beds are horizontal or nearly ao, or when they dip toward the summit of 
an elevation. 

The thickness of beds is always measured at right angles to their dip. 
For ordinary purposes it may be assumed tiiat the thickness is equal to a 
of tbe distance across the outcrop at 5° of inclination, and so on for every 
additional 5°. 

When we follow a series of beds in ascending or descending order, 
we at length arrive at a line in which their dip changes to the opposite 
direction. When this takes place in the descending series it constitutes 
an anticlinal line or ans, sometimes calleil an antidine. When it takes- 
place in the ascending series it constitutes a synclinal line or syncline. 

When the antioliual and synclinal axes are not horizontal, or when the 
surface of the coiintry is inclined, the beds may he seen at the surface to- 
bend around the ends of the anticlinais or aynclinnls, so that on a map. 
these appear as more or less abrupt bends or loops of the strata. 

In those regions where the beds have been slightly inclined, the anti- 
clinais and synclinals are low and wide ; but in disturbed districts the folda- 
are often very abrupt, causing the beds to approach to verticality, and in 
some places to be overturned. In such cases also the anticlinais or syn- 
clinals are sometimes very steep on one side and less so on the other, and 
they are not infrequently accompanied with minor flexures and foldings 
of the beds as well as with fractures or dislocations. In such disturbed 
districts great caution is requisite lest abruptly folded and repeated beds 
should be regarded as cons'.ituting a continuous series, and lest overturned 
bells should he regarded as in tiieir natural positions. (Figa. 23, 24, 25.) 
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(9.) Faults. 
■eraeiita ol beds have teen accompanied with fracture and 
slipping of the beds up or down, faulting or discontinuity of beds is 

Faults traversing inclined beds may displace them laterally as well as 
vertically. The vertical displacement is sometimes designated hy the 
term slide, the lateral displacement by the term heave. A doivnthrow is 
said to take place on thai side toward which the beds are sunken, and 

upthrow on that side townixl which they have risen. When the plane 
of a fault is inclined, the inclination is usually called by miners its " hade" 
and is measured from a vertical plane. The downthrow is almost always 
found to have oeourred on the side toward which the plane of fault 
itclineB. (Fig, 27.) When the contrary occurs the fault is said to be 
reversed, or inverted. (Fig 26,) 



Fig. 26.— Eevereed fault brinKing Palieozoic roclcs (a) over folded Cretaceous, 
(b) C»BC»de innuntain, Rocky Mountains. (After McCunnell,) 

In highly disturbed districts reversed faults are not infrequent, and in 
some oases beds have even been thrust horizontally over others, producing 
■Very complex arrangements, and sometimes leading to error in estimating 
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the true ages of beds. Good examples of these abnormal arrange in en ts 
exist in the Canadian Rocky Mountains and in the highlands of Scotland. 
(Fig. 37.) It often happens that several faults in the same direction 
occur near each other, throwing the beds in steps, and in disturbed 
districts there are often two or more sets of faults crossing the beds in 
different directions. In this case the original position of the beds can 
be ascertained only by careful study of the effects of the several disloca- 
tions. The surface of the plane of a fault is often polished and striated 
or slickensided by the movement of the beds. Sometimes, however, the 
edge? of the beds have bent and broken where in contact, and sometimes 
lines of fault present open fissures filled with debris or with crystallized 
minerals. 

In observing faults, the facts to be noticed are the (iitections of the 
planes of fracture, their hade and the amount and direction of move- 
ment, with its effect on the beils traversed. When these facts are 
obtained, all the effects of the dislocation can be readily worked out, 
though, when several lines of fault cross the same beds, the appearances 
are often very deceptive, leading to incorrect estimates of the thickness 
and number of tho bptls. 




Fig. 27.-Fault, Lignite Tertiary series, Porcupine Creek, N. W. T. |G. M. Dawson.) 
The bed of lignite ("oj has been thrown dnwii, and has been removed hf 
denudation from the other side of the fault. 



As the inequalities caused by faulting have usually been rounded 
smoothed off, and the line of a fault is often a weak place where the rocka 
have been worn down and covered with debris, faults can very rarely be 
distinctly seen, and their nature and direction can usually be ascertained 
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only by infurence from the dislocation observed in the beds on their 
opposite sides. They are very uumeroua in disturbed districts, and there 
are often two or more seta of them crossing the beds in different 
directions. In most cases, however, the amount of movement which they 
produce is not great. 

(10.) Uncouformabiut*. 

When one aeries of beds has been disturbed and another deposited 
upon the upturned edges of the first, the upper series ia said to rest 
uncomforraably on the lower. This indicates not merely a difference of 
age but an interval of time between the dates of the two series. It often 
happens also that the edges of the lower series show evidences of great 
erosion, or that the beds of the lower aeries have been hardened and 
altered before the deposition of the upper. A false or simulated want of 
conformity oecura when a bed has been cut unequally by water before the 
next bed is deposited. When conglom.erates or coarse aandstones rest 
upon finer beds such apparent unconformity ia often produced. (Pigs. 28, 
29, 30.) 

It is to he observed here that false bedding and alao partial denudation 
may simulate true unconfomnty and that progressive subsidence may be 
accompanied by the overlapping of successive formations, 




(11.) Denudation. 

This ia the removal of matter by atmospheric or aqueous erosion. It 

has already been referred to as a source of the materials of aqueous- 

isits. We must now consider it as concerned in giving relief to the 
surface of the earth. That denudation has taken place ti a great extent 
may be inferred from svich facta as the following : The projection of hard 
beds and massive rocks in consequence of the removal of softer material 
from around them ; the existence of synclinal elevations in consequence 
of the erosion of anticlinula which once were higher but must have been 

e perishable owing to their fissured condition ; the planing away to 
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low level of rocks which testify by their dips or by the existence of 
estensive faults that they once rose to much greater height and were very 
uaevcn ; the cutting of deep raviDes through table lands, and the quantity 
of stones, gravel, sand, and other detritus of older formations, employed 
in the building up of those which are newer. {Fig. 31.) 

Denudation of undisturbed beds also leaves exposed hard igneous 
masses which may have penetrated them and which sometimes protect 
portions of the surrounding beds partially hardened by contact with the 
igneous rock. Montreal Mountain and its companion eminences in the 
valley of the St. Lawrence are apt illustrations. 

In desert regions and along sandy coasts grains of sand carried by the 
winds are capable of producing a certain amount of erosion, 
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DENUDATION, ETC. 



1 observation lias ehown tlint tlie iuequniities of the earth's 
rery largely due to denudation. This ia best seen in aectiona 




Fig. 31.-Deniidfltion of hoi 



Valley 1\ V\ T (d M Dawson.) 



of highly inclined rocks in which it often appears that such rocks have 
been planed off on the surface (Fig. 24,) while in other eases the softer 
locks have been cut away and those of greater hardness remain as peaks 
. or ridges. (Figs. 19, 23, 25.) 

It has been estimated that the areas drained by the rivers of our con- 
tinents are losing by denudation at rates varying from 1 foot in 1500 
years to I foot in 6000 years. At tlieae rates, were no counteracting ele- 
vation to take place, our continents would be levelled with the aea in 
from four millions to nine millions of years. 

(12.) Massive Kooks, 

These are in almost all cases of igneous origin, and can be readily dis- 
tinguished from the stratified rocks both by their mineral character and 
their mode of occurrence. Such irregular masses may represent either (1) 
the remains of the bases of old volcanic cones, the looser parts of which 
have been swept away ; or (2) exotic or intrusive materials ejected among 
other rocks from beneath : or (3) portions of the aqueous crust so much 
altered that their stratification has been obliterated. 

If the stratified rocks have been altered at their contact with igneous 
masses, or are penetrated by veins proceeding from them, we know that 
the masses are newer than the beds. (Figs. 19, 32.) On the other hand. 
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The most common veins are fissures filled with material introduced 
either in a molten state ot in aqueous solution, 

Iffneoui vei-ns or di/l,-':! are often of great size, and extend through the 
stratified rocks for long distances. They am filled with some of the 
kinds of igneous rock ; aometimea present a jointed structure at right 
angles to their sides ; often have the surface in contact with the adjacent 
rock of different texture from the interior, and have often, by their heat, 
produced considerable alteration in the adjacent rock. They are especially 
numerous in the vicinity of igneous masses and of volcanic foci ancient 
or modem. (Figs. 19 and 33.) 

Veins or dykes, if harder than the enclosing rocks, may project above 
the surface like walls when the latter are removed by denudation. If 
softer than the containing rocks they may be eroded into ravines or 
furrows. 





Aqueous veins, which are often mineral veins, are usually filled with 
crystalline minerals deposited in them by water. They often present a 






Fig. S3.— Igneous dykea or veins, exteuaion reservoir, Muotreal. fa) Felspfttbic d;ka 

traversing beds of liniaslone. fbj Floor or horiioolal vein of Dolerito 

cnttiDgfal. f'c; Thick dyke of Ffllaite cutting [ b J. ftf J Inclined dykes 

of Dolerite cutting all tbe othera. 

laminated appearance, owijig to the deposition of Gucceasive coats of matter 

on the walls of the vein. Occasionally the walls of veins present margins 

or " selvages " consisting of decomposed rock or decomposed veinstone. 

In the case of mineral veins, the mass filling the vein is called gangue 
or veinstone, as distinguished from the ore associated with it. The rock 
traversed by veins is called bj miners the " country rock," 

Yeins may fill open fissures, or may be of material slowly segregated 
into cracks in process of formation and of widening. They are naually 
vertical, or nearly so, but igneous veins have sometimes been injected 
between the beds, constituting "floors" or horizontal veins. (Fig 33.) 
Such horizontal veins when of considerable thickness have been named 
Laccoliths. Veins are sometimes lenticular or interrupted, and not infre- 
quently occurat ornear the junction of different formations. (Fig- 3i.) 




ax the coDtscC of alate and granite. (After Von Cotta.) faj 
bj Horizontal or bedded rein Rending off ft branch ft.) fcj 
b the junction of the two formations, ("(f ^ Lenticnlu or 
IB, Bometimei called bymineri' "pockata." 
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Veins are often very irregular in their forms. This arises not only 
from the original irregularity of cracks traversing rocks, but from sub- 
sequent shifts of the containing walls, from detachment of loose pieces 
or " horees " from the sides, and from erosion of the walls by subterranean 
waters. They also differ very much in their contents in passing from one 
kind of rock into another, and are often decomposed and changed by 
atmospheric action at their outcrops. 

There is reason to believe that some veins have been filled simul- 
taneously with their opening, so that they have never aotnally been open 
fissures. Such veins, which present many peculiar appearances, are called 



(14.) Origin of Mountains. 

We ore now in a position to consider the general principles which 
regulate Orography or the relief of the continents, as composed of Plains 
or Valleys, Table-lands, and Mountains or Mountain ranges. 

(1.) Aqueous denudation may cut table-lands into deep ravines or 
Canyons, of which those of Colorado and of some districts of British 
Columbia are good illustrations. Where auch cutting widens these 
ravines, it may produce flat-topped mountains, composed of horizontal or 
even of synclinal beds. 




Fig. 35.— General Structure o£ the Cobequid Range, Noi 

mDUDtaiii, with UDConfonnabilit; and iatnisive ig^neoua maBsea and reiiia. 
a, MuBJve Syanitio Granite. 6, Lower Cobequid Series, FeUite, Porphyry, 
Agglomeratea, Ac c. Upper Cobequid Series, Ferriferoua Slates (uid 



lOimtaina, Rocky Mta, (after McConnsll 
nd nte broken by a, fault at E, 



(2) When the earth's crust has heen thrown into broad folds of small 
inclination, (geoclinal benda), these may form broad-topped elevations 




— Ben More, Scotland, (after Geikie.) eiiuwiD^ thrnat (T) of contorted gnei^ 
/ai, over Cambrian and Silorn- Cambrian rocka f'bj, and denudation indica- 
ted by the dotted linea. Frnilts at F F. Bykea at j. x. 

subsequently cut by denuding agencies into mountain masses. The 
Lebanou range and some of the lidges of the Apalachians and in the 
western part of America furnish illustrations. 

(3.) The abrupt crumpling and sliding of the crust of the earth is the 
cause of most of the larger and more important mountain ranges, though 
such ranges are always greatly modified by denudation. 

(4.) In volcanic regions mountains of considerable elevation are often 
composed of the ashes, lapilli and lavas ejected by the volcanic vent, and 
arranged more or less in a conical form. Vesuvius is a heap of this kind 
4,000 feet high, and which has been piled up since the year 79 of the 
Christian era. 

In great mountain chains, as in the Cordillera of western America, all 
the above agenciea may enter into the causes of mountain-making, and 
such great mountain ranges are often due to agencies which have been in 
operation either constantly or with intermissions throughout the whole of 
Geological time. It therefore usually happens that mountain ranges 
vrbose formation has been going on up to late geological periods are of 
larger dimensions and more complicated than those in which the elevat- 
ory movements have been aiTeated at early dates in the earth's history. 

The experiments of Cadell and others, as well as the calculations of 
Prof. Darwin and Mellard Reade have shown that the thickness of the 
crust affected by these movements must be relatively very small, ami I 
have shown that evidence of this fact is afforded by the great igneous 
dykes which traverse for. long distances the crumpled Laurentian rocks of 
Canada, and cut directly through them as a thin veneer of curled wood 
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may be cracked through by the sbritikage of the plank on which it is laid. 
ThuB the wrinkled cruet, including its mountain masses, is but a thin 
veneer on the homogeneous under-crust 

In some mountains great uplifts, fractures and lateral thrusts have 
given the original inequalities. In others the beds have been closely 
folded with little fracture. But while these causes have produced the 
original elevations, denudation baa so greatly modified these that synclinal 
mountains are by no means uncommon. It is also to be observed that 
those belts along ocean margins where the greatest amount of deposition 
and downward bending of the crust have occurred, are often or uanally 
those which have experienced the moat violent folding, 
(15.) CHKoNOLoar of Beds. 

S'iperpoKition.- — ^The great leading fact as to the ages of aqueous 
deposits is that the upper of two beds is necessarily the newer. Wherever 
therefore the actual superposition of beds can be ascertained, there can be 
no doubt as to their relative agee. In mines and borings, and in cliflfs 
and quarries, we can thus easily ascertain the ages of the beds exposed. 
In the case of inclined beds this is equally obvious as in those which are 
horizontal. In these, however, we must be careful not to be misled by 
overturns and by repetition of beds by faults. 

No one exposure, however, can show anything more than a limited por- 
tion of the series of rocks occurring in any district of considerable extent. 
Hence in extending the results of our observations it is necessary to have 
recourse to other data. 

Tfocing of bedn. — Having ascertained the sequence of beds in one 
locality, we endeavour to trace them along their outcrops. We thus bring 
them into relation with other beds not seen iu the original exposure. 

Mineral cliaracier. — Where the tracing of the beds fails, we have to 
compare them in different sections, and to endeavour to recognize them by 
their mineral character — a succession of like beds in two not very distant 
sections giving us fair evidence of identity. Here, however, ive must 
remember that in tracing any given bed for a long distance, it cannot be 
expected to retain precisely the same character, but may be represented by 
some different material, 

Fonsil remains. — When we can obtain from any of the beds in question 
fossil organic remains, these afford us a new means of testing identity of 
age. Experience baa shown that in the course of the earth's history the 
facies of animal and vegetable life has been constantly changing, so that 
the fossils of one formation are different from those of another. 
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ve have in any one locality ascertained this succession, we are safe in 
applying it to others. Tlie evidence of fussils is thus at present held to 
of the best criteria for the ages of stratified rocks, 
mployiug fossils as evidence of nge, we have, liowevet, to bear in 
mind certain necessary precautions. There are other differences than 
those of age ; as for example, the difference between animals of the sea, 
of freshwater and of land ; of diflerent depths in the sea, and of different 
climates. It is necessary, therefore, to compare animals or plants of like 
habitat and conditions of existence. It is fartliei to be observed that cer- 
foims of life have been of longer duration in geological time than 
Others, and therefore do not so definitely mark the lapse of time. Again, 
certain forms of animal or vegetable life may have l>een begun earlier or 
continued later in one locality than in others. On these accounts the 
evidence of fossils is more certain with reference to the gi'eater geological 
periods than with reference to the minor subdivisions of these. 

It has been aupposeil that the similarity of geological succession in dis- 
tant places may not imply strict synchronism but merely what lias been 
colled HoniotoxU, or resemblance of order without identity of time. 
"SVhen, however, we comjiare the whole aeries of stratified rocks in differ- 
ent regions we find that there is an identity of sequence thronghout, from 
the earliest to the latest, so that there must be a general identity of time 
in the several members. "We must, however, make allowance for the 
earlier or later introduction or extinction of the faunee and florje at the 

giiming and end of each great period. 

Geological Cydei.- — The foregoing considerations bring in a very dis- 
tinct manner before us two differeut, and at first sight irreconcilable, 
general views which we may take of any given geological period. Fird, 
vre must regard every such period as presenting during its whole con- 
tinuance the diversified conditious of laud and water with their appro- 
priate inhabitants, or in detail — mountain ridges, continental plateaus and 
ocean depths ; and mcondlg, we must consider each such period as form- 
ing a geological cycle, iu which such conditions to a certain extent were 
successive. As we give prominence to one or other of these views our 
conclusions as to the nature of geologicnl chronology must vary in tlieir 
character, and in oider to arrive at a true picture of any given tiuie it is 
jiecessary to have both before us in their due proportion. 

Te shall thus find tliat iu each geological system there was at least 
great continental depression bringing marine life over the continental 
plateaus, and this with elevations before and after. In llie meantime the 
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lii(,'her parts of the continents may have been continuously land, 
ocean ileptbs permanently abyesaL We shall have occasion to 
this subject in the chronological 



, and the 
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(16.) Geological Maps and SECTioNfik 
The facts and generalizations obtained on the above grounds are 
represented to the eye on maps and sections. On the former are indicated 
by spots or lines of colour or by differences of shading the diflferent form- 
ations and their precise boundaries as far as ascertained. To these may be 
added marks indicating dip and strike and other arrangements. (Fig. 41.) 

Fig. 41. — Marks used in mapping, o, Horizontal beds. 6, Inclined, c, Undulating, 
d, Contorted, e, Vertical. /, Anticlinal, g^ Synclinal. 
While maps exhibit the horizontal distribution of formations, sections 
show more clearly the relations of age and superposition. Lines of section 
observed on the ground may in the first instance afford materials for the 
construction of a map, and when a map has been drawn these lines may 
be marked on it, and the sections along these lines may be drawn to 
accompany it. Such sections are usually named horizontal sections. But 
vertical sections may be obtained in shafts and borings, or may be con- 
structed with the aid of the horizontal sections. (Figs. 38, 39, 40.) 

The colours designating the different formations on Geological maps 
have usually been adapted to the geological features of particular countries. 
They should be so distinct from one another as to be readily distinguished 
either by natural or artificial light, and should as far as possible present 
some approach to harmony pleasing to the eye. One colour being 
selected for each system of formations, the sub-divisions may be indicated 
by shades of this tint, by white bars or dots traversing the tint, or by 
letters printed on it, or by combinations of these methods. 

In. the maps of the Canadian survey the following tints have been 
employed : — 

Igneous Rocks Shades of deep Ked. 

Laurentian Carmine. 

Hin'onian Keddish Brown. 

CamMan, Siluro-Camhriayi, Siluria?i . . Shades of Slate. 

Erian, or Devonian Brown. 

Carboniferous and Permian Grey. 

Triassic Light Ked. 

Jurassic Blue. 

Cretaceous Shades of Light Green. 

Tertiary, Shades of Yellow. 

In detailed maps Limestones are deep blue and Coal-beds black. 
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The colours recently proposed by the International Congress of 

Geologists, for the Geological map of Europe, are eiiuiiai to the above, 

except that the Trias is violet aud the Cambrian and Silurian greeniah 

gray, both of which ate objectionable colours in artificial light 

(17.) Field Geology. 

Geological observation may be carried on in aeveral different ways, the 
moat important of which may be staled under the following heads : — 

(1.) The Local Geologist — It is scarcely too much to say that 
absolute ignorance of the structure and history of the earth, aud more 
especially of the geology of the district in which we reside, is scarcely 
compatible with the mental health of any educated man, as it is certainly 
quite inconsistent with any intelligent comprehension of the geography 
and resources of our country. It is also true that the study of Geology 
from its wide range in time and space, aud its intimate relations with 
physical geography, chemistry, physics, and the natural sciences generally, 
is well adapted to strengthen and cultivate our powers of observation, 
comparison and general izaliou. 

Independently, however, of these subjective aspects of the science, a 
local amatenr geologist often possesses facilities to make original dia- 
coveriea and to extend the boundaries of knowledge. In order to do this, 
independently of some preliminary acquaiutance with the principles and 
methoda of the science, he should acquaint himself with what has 
been previously done in the geology of his locality, and should provide 
liimaelf with a good topographical map, hammers, a compass and 
-clinometer, a pocket lens ; aud if possible with a microscope, a blow-pipe 
jind its acceasoties, and a few of the ordinary chemical reagents; and 
he should keep a note-b-jok wherein to ent«r all tlie facts observed. A 
cabinet or cheat of drawers or of trays for specimens will idao be desirable. 
So provided, he can, as opportudty offers, examine, draw and note down 
the various rock exposures in his vicinity, can collect specimens of 
minerals, rocks and fossils, and can watch for such temporary facilities for 
obtaining information as may be afforded by excavations, land-slips or 
accidental discoveries. In this way much may be done that could not 
he effected by a temporary aurvey, however detailed, and many precious 
facts and specimens may be preserved that otherwise would be lost. The 
local collector will soon become known to quarrymen and others, and 
Bpecimena will be brought to him that otherwise would he neglected. It 
will be useful for htm to establiah relatious with specialists who may aid 
Jiim in the determination and description pf new specimens, and e 
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persons will usually be glad to do so if supplied wilh diipUcatea of the 
specimens. Useful exchanges may also be made with such persons. 
The local collector should beware of giving away unique specimens to 
mere tourists or curiosity liuutera who will make no good use of iheni. 
Duplicates only should be given in this way, and usually such specimena 
alone as are not likely to be of importance afterwards. Many of the moat 
interesting and important discoveries in the science arwdue to the labours 
of local geologists. 

(2.) The Tourist. — Every traveller who wishes to understand the topo- 
graphy, scenery, productions, history and modes of life of the countries 
which be may visit, should knosv something of geology, and if he has 
oppoctunitiea to travel in districts nut previously explored, he may be 
b!e to obtain most important facta respecting their structure. In order 
} do this he should be provided with the simple apparatus already 
mentioned, and above all with a geological map, should such exist, of the 
district and regions adjacent, and should read what has been already 
■written as to their geology. If he can so arrange his time and route, he 
should traverse the country in directions at right angles to the prevailing 
structure, and should visit all good exposures within reach of his line of 
travel, making collections and taking full and accurate notes. In this 
.way, by the intelligent observatioii of geological travellers, mueli of the 
information we possess of large portions of the earth has been aciiuired, 

■ while on the other hand costly expeditions have been rendered of little 
practical or scientific value liy the absence of geological observation. 

(3.) The Geological Explorer — who may be either an amateur or 
m officer of a Geological Siirvey. He may be supposed to devote hia 
■whole available time to geological observation and collection. He must 
be provided with a good topographical map, or, if this do not exist, with 
surveying instruments that he may make measurements for himself. It 
will be his duty to visit every exposure, to nmke careful notes and 
measurements of all the phenomemi, and to collect specimens. He must 
le country by the best lines of section, but must trace the 
toundariea of evei'y formation, and map them as accurately as possible, 
■nd must study t!ie structure and arrangement of tlie formations, their 
'laulte, disturbances, mineral veins, intrusive masses and dykes, unconform- 
ities and denudation. He should not be content to be a mere mechanical 

■ explorer, but should endeavour to understand the stnickure as he proceeds, 
in order that he may at least hypothetically supply defects in exposures, 
And may have his attention devoted to questions which he might other- 
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wiae overlook. Work of this kind may of course admit of many degreee 
of detail, Bccording to tlie facilities of travel and oliservation, and the 
tinie that can be devoted to it. It is the business of tiie geological 
explorer rather to work out the structure of the country than to search for 
useful minerals or fossils; but he should give special attention to these 
whenever opportunity occurs, and should bo particularly careful to mark 
and note every specimen in such a manner that no mistake may be made 
as to its true position, geological or topographical. Lastly, the geological 
observer should be prepared to note all facts connected with or dependent 
on the structure of the country, which may be useful economically or in 
relation to allied sciences. 

(4.) The Mining Surveyor and Engineer — It is the object of the 
Mining Surveyor to discover and open up valuable mineral deposits ; but 
in order to effect this with advantage it may be necessary to do some 
preliminary work in geological exploration, in case this has not been pre- 
viously done liy others. In any case lie should make himself personally 
familiar with the structure of the district, and with all the difficulties and 
complexities it may present, and with all good exposures which show the 
actual relations of useful minerals to the corratryrocks. He may have to 
make minute topographical surveys in connection with the courses of beds 
or veins, and may also have to conduct exploratory works, as trial-holes, 
trenches, adits or shafts, and to collect such samples as may be sufficient 
for assays and jiractical trials of their value. 

The Civil Engineer, concemed in preliminary surveys for engineering 
works, or in actual constmctiou, is also interested in the geological struc- 
ture of the countrj- in which he works. The distribution of geological 
formations regulates the contours and the nature and position of the rock 
masses under the surface. Hence the cost of excavation and construction, 
the stability of structures and the materials of which they may be composed 
and the accidents to which they ore liable, are directly dependent on the 
geological formation of the country ; and difficulties may be avoided and 
advantages secured by the judicions application of even a small amount of 
geological knowledge. In like manner, the miscalculations, errors in 
specification and unexpected difficulties and pecuniary expenditures 
arising from want of attention to geological facts, are fruitful causes not 
only of loss but of dispute and litigation. Such difficulties may arise 
either from inattention to the facte, or from ignorant attempts to specify 
details not properly understood. Other things being equal, he will be the 
best and most economical engineer who best understands the rocks ii 
on which his operations are being conducted. 
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PART II. HISTORICAL GEOLOGY. 



Classification and Terms. 

The application of the facts and principles of lithology, stratigraphy 
and palaeontology to any given district, enables us to work out the geo- 
logical succession of formations or geological history of the district in 
question, including not only the physical changes but the changes in 
living beings that may have occurred. The comparison and grouping of 
such local results enables us at length to frame a table or chart of the 
geology of the whole earth. This we shall now proceed to construct, 
beginning with the oldest formations, and giving, wherever practicable, 
typical examples of each from Canada, or from those regions in America 
or elsewhere in which it may be best developed and has l)een most fully 
studied. 

The whole geological history of the earth may be included in four great 
Periods or Eras, the names of which have been based on the progress of 
animal life. They are, beginning with the oldest — 

1. The Eozoic,* or that of Protozoa, often called Archaean. 

2. The Palceozoic, or that of Invertebrate animals. 

3. The Mesozoic, or that of Reptiles. 

4. Tlie Kainozoic, or that of Mammals and of Man. 

They are farther subdivided into Ages, or if we regard the rocks them 
selves rather than the time occupied in their deposition, into Systems of 
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Azoic," the term oriicinally proposed by Murchison Ib not now applicable, and the 
same objection applies to the term ** Agnotozoic ** recently proposed by western Greo- 
logists. The only objection to " Arcbsan *^ is that it dues not carry out the idea of 
succession of life embodied in the names of the other periods. 
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Fm'mations. These are represented in the following table, beginning as 
before with the oldest : — 

Eozoic or ARCH^N.j ^^^^^^- 

CambHan. 

Siluro-Cambrian. 

Silurian. 

Erian or Devonian. 

Carboniferous. 

Permian. 

Triassic. 
Mbsozoic -[ Jurassic. 

Cretaceous. 

Eocene. 



PALiEOZOIC 



Kainozoig 



Miocene. 
Pliocene. 
Pleistocene. 
Modern. 



Systems may be divided into Series, and these into Stages or Subdivis- 
ions : — These again into beds. The method recommended by the Inter- 
national Congress is as follows : — 

1/ Groups or Eras ; ex. Palaeozoic. 

2. Si/stems or Periods ; ex. Siluiian. 

3. Series or Epochs ; ex, Niagara. 

4. Stages or Ages ; ex, Niagai'a shale. 

In the Reports of the Geological Survey of Canada — 

Systems are divided into Groups, 
Groups into Formations, 
Formations into Series, 
Series into Beds. 

In noticing the Systems of formations and their subdivisions in detail, 
we shall begin in each case with a general statement of the subdivisions 
of the system and their most characteristic fossils, more especially noting 
the earliest known appearance of each leading animal and vegetable type. 
We shall then describe some typical Canadian locality, should there be 
such, and the distribution of the system in Canada and elsewhere. 
Finally, we shall mention characteristic useful or economic minerals. 



EOZOIC PERIUD. 
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Since Canada embraces about half the urea of North America, and includes 
portions of all the geological formations of the continent, we shall in most 
cases be able to obtain within its limits typical examples of rocks and 
a ; and when tliese fail, shall have recourse to other regions. 



EOZOIC PERIOD. 
(I.) Laurbntia!* Ststkh. 
1. Z^uier Muren/uin or Ottawa Series. In CanaJa^OrthocIase gneisa 
of Trembling Mountain (Logan), Ottawa gneiss {Geol. Survey), lower 
part of Lower Lanrentiaii, of I>c^an. European equivalents — -Bogian 
gneiss, Ur gneiss, Lewisian gneiss. Consists mostly, so far as known, of 
beds of Orthoclase gneiss destitute of fossils, constituting the "funda- 
>al gneiss " of some geologists. In this and the next group there is 
much porphyritic gneiss (the Augen Gneiss of Scandinavia.) 




!. Middle Laiirentiaa or Grenville Scries. In Canada — Gneiss, 
i diorite, limestone, pyroxene rock, Ac, of Grenville, Petite Nation, &e., 
being the upper part of the Lower Laiirentian of Logan. European 
I equivalents— Ur gneiss in part, Lewiaian gneiss in part, Etage A of 
' Bohemia in part, Dimetian of Wales 1 Gneiss and crystalline liiuestone 
I of Brittany. In the upper part of this series there is much quartzite and 
garaetiferous gneiss, also ferruginous gneiss holding magnetic grains and 
f bods of Magnetite. 

Eosoio FoBBiLB.— S</!«in CanadCBif, (Figa. 43 to 44) also graphitiBed plante. 




Fiff. 43.— ffo-uOH CaiiadeiiM (1) Small niwoiiiien dLaenj(a((ed by weather 

AoervulinB cell' of upper imrt— magnified. (3) Tuberciilated sarface of 
lamiiiie — magnified. (4) Limine of aerpentine in section, reiiresenting 
casts of the Bsrcndc— magnified. 







I 



1 




EOZOIC PERIOD. 59 

3... Upper Laurentian, {Norian oi Hunt.) In Ganadft — Labrador! te 
and Anorthosite series of the Ottawa district, &c. European equivalents 
— Etage A of Bohemia in part, Diraetian of Wales 1 Norite formation 
of Scandinavia. No fossils known. In the district originally described 
by Logan there occur large masses of Labradorite rocks, now believed to 
be intrusive ; but there and elsewhere there are gneisses, schists, &c., and 
the formation is usually characterised by a prevalence of basic and lime 
felspar as distinguished from the orthoclase of the Laurentian. Hence 
bedded Anorthosite rocks and gneissic Anorthosite are characteristic 
features. To this horizon may belong the Limestones, Schists and bedded 
Diorrtic rocks of Southern New Brunswick, which underlie the Huronian 
in that district ; also the " White Mountain Series " of Hitchcock occupy- 
ing a similar position in New Hampshire and the Green Mountains, 
and the similar rocks called Upper Laurentian by Kerr, in South Carolina. 
A felspathic and Mica Schist group of this age seems indeed to be very 
generally associated with the typical Laurentian of Eastern America. 

The Laurentian group of rocks has been recognized in Brazil and else- 
where in South America. In the Old World it occurs in Scandinavia, in 
the Western Highlands of Scotland, in Brittany, in Bohemia and else- 
where in Eastern Europe, and in Central and Eastern Asia. It recurs in 
Arabia and in Africa, extending from the first cataract of the Nile far to 
the southward. The Laurentian may indeed be regarded as a universal 
foundation of the Continents ; tliough in many very large areas buried 
under newer sediments. 

In the Laurentian districts there are great masses and veins of Granite, 
binary Granite, Diorite, Labradorite rock and Dolerite. Some of these 
seem to be either contemporaneous or little newer than the containing rock. 
Others have been introduced at much later periods. 

Distribution in Canada, S^c. These formations constitute an extensive 
angular belt extending south-westward, north of the St. Lawrence valley, 
from Labrador to the Western coast of Lake Superior and thence north- 
west to the Arctic ocean, and they recur in Greenland. At the Thousand 
Islands this belt is connected with an extensive peninsula in the State of 
New York. Minor areas protrude througli the Palaeozoic rocks in New- 
foundland, New Brunswick, and the Atlantic coast of the United States, 
and also probably ill the mountainous belt fringing the Pacific coast. 

The following Section given by Logan on the North Side of the 
Ottawa may be regarded as characteristic* 

* Geology of Canada, p. 45. 
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Section from Trembling Mountain, in the County of Oitawi 
(Logan).— 

(Order ascending.) 

First Orthoolase Gneiss of Trembling Mountain, 

(Lower or Ottawa Gneiss) 5,000 feet, or mor< 

First Limestone, or Limestone of Trembling Laka 1,500 

Second Orthoclaso Gneiss, between Trembling 

Lake and Great Beaver Lake 4,000 

Second Limestone, or Limestone of Great Beaver 
Lake and Green Lake, with two interstrati- 
fied bands of garnetiferous rock and horn- 
blendic orthoclase gneiss, making up about 
half its volume 2,500 

Third Orthoclase Gneiss, with bands of garnet- 
iferous gneiss and Quartzite, between Beaver 
Lake and the Rouge River 3,500 

Third Limestone, or Limestone of Grenville, in 
some places including a band of Gneiss : 
(Eozoon CanadenseJ. Its thickness varies 
from 1,500 to 60 feet, average thickness 
estimated at 750 

Fourth Orthoclase Gneiss, including a thin bed of 
Limestone (Proctor's Lake), and 600 feet of 
Quartzite 5,000 

Norian or Labradorian, or Upper I^urentian Series, 

estimated at 10,000 

Total 32,250 






H) 



it 






iaeiaa is an a(\atffK^'^yu ppAa^ of thu on^i-.t^ c«ean covering 
ooling cruat The Mid-ili^ Ijiirvut'uiu, whlU presenting the name o! 
cteiB in part, inCtodti«» th^i ti:>« f'/nuAtirn of Manilxt/irien, raiiil-r'rck" 
imeatones, with oiT^ank ■i*j*«it*, Th* \'y\it^ lA'itr.uiwi niarkx « tri 
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ition period, with varied local deposits, igneous and aqueous, indicating 

the beginning of those great movements of the crust which closed the 
Lauren tian era. 

Economic Products. — In Canada the Lauren tian abounds in Gneiss^ 

Syenite, Crystalline Limestones, Serpentine and other rocks suitable for 

construction and for ornamental purposes. It contains beds of Magnetite 

(Hull, Marmora, &c.) and veins of Hematite (Perth), and the ferruginous 

gneisses have yielded Iron-sand, (Moisic, &c.). Important veins of 

Apatite occur, especially in the Pyroxenic beds and the Micaceous schists, 

(Buckingham, Templeton, Burgess, &c.), Graphite occurs in large quantity 

(Buckingham, &c.). Mica, (<alena. Gold, (Madoc, &c.) are also locally 

among the products of the Laurentian. 

(II.) HuRONiAN System. 

1 . Ilufonian proper. — In Canada — Chloritic slate, jasper conglomerate, 
slate conglomerate, quartzite, limestone and bedded diorite of Georgian 
Bay. Similar rocks in Newfoundland, New Brunswick and possibly also 
in the Eastern Townships of Quebec. European equivalents — Urschiefer 
of Scandinavia, Etage A of Bohemia and Pebidian of Wales (Hicks). 

F088IL. — Eozoon Bavaricum, Gumbel, — a somewhat doubtful form — 
(Fig. 46). The Huronian Limestones have hitherto aflforded no fossils in 
Canada, though I have detected traces of spicules, probably of sponges 
in the chert contained in them. 

The following section (Logan, Geology of Canada) represents the struc- 
ture of the Huronian in the typical region of Georgian Bay, in ascending 
order : — 

1. Green silicious and slaty strata with bluish and black slates. 

2. Slate conglomerates, or slaty or earthy rock, probably in part volcanic 

ash, with numerous pebbles of Laurentian rocks ; in and near the 
base greenish slates. 

3. Impure Limestone, with cliert. (The chert shows traces of silicious 

spicules.) 

4. Slate conglomerate, greenish slate and Quartzite. 

5. Quartzite, with quartz conglomerate and, jasper conglomerate. 
Associated with these beds are extensive sheets of stratified Diorite ; 

and in places they are traversed with Diorite and Syenite Dykes. The 
Copper veins of the Huronian district of Georgian Bay attain their 
maximum thickness in the bedded Diorite. 

The thickness of the Huronian on Georgian Bay is estimated at 18,000 
feet, but this is probably only a part of the volume of the entire system. 



64 HISTORICAL GEOLOGY. 

Haronian. 

1. Fehites aud FoUitic Quartzites, red and white. 

2. Dark coloured Quartzitus and dark gra; and black silicioua beds, the 
lower part holding angular fragments and pebblt'.aof wliite granite or gneias. 

3. Diorite and Diabase, witli cjbloritic or hornblendio asli-rocks and 
agglomerates. Associated with these are bands of argillite. 

These Huronian rocks are overlaid by the Vermillion Eiver Grey 
Sandstones or Quartzites and Slates, supposed to be of Cambrian age.* 

2. Upper Huronian or Lotcegt Ckiinbrtan. In Canada — Conglomerates, 
slates and grits of Eastern Newfoundland, Intermediate or Signal Hill 
beds; Aitimiki and Kewonian group of Lake Superior. Upper Huronian 
of Southern and E. New Brunswick. European equivalents not certainly 
known. Tliis must be regarded for the present as a provisional group. 
It may include the " Intermediate Series " of Murray, in Eastern New- 
foundland, the upper part of the Pre-Cambrian rocks of Southern New 
Brunswick, the Animike aud Kuwcnian rocks of the basin of Lake 
Superior, and possibly some of the rocks called Taconiau by Hunt. These 
rocks may, on the other hand, be ultimately referred in part to the Lower 
Cambrian and in part to the true Huronian. The following section shows 
the development of the Keweniaii at Maimanse, t*ke Superior,! order 
ascending ; — 

1. Conglomerate with granitic and gueissic pebbles and boulders^tlie 
latter sonietimea two feet in diameter, — about 250 feet. 

2. Crystalline and amygdaloidal t rap, (dolerite) with conglomerate; veins 
of quartz and calcite with native copper and copper ores,— about 700 feet. 

3. ArgiUo-arenaceous beds and mottled argillaceous sandstone, — about 
350 feet. 

4. Alternations of trap and tufa, with a bed of conglomerate, — veins ol 
ciJc-spar, quartz and laumonite, with native copper and silver, — about 
750 feet, 
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Distribution, — The Huronian is extensively developed on the north 
side of Lake Huron and south and west of Lake Superior. It occurs 
also in Newfoundland and New Brunswick, and probably in various parts 
of eastern Quebec and the Atlantic States.* 

The Huronian in the typical region of Georgian Bay and also on Lake 
Superior, and in New Brunswick and Newfoundland is mainly a littoral 
deposit, formed along the margin of the ancient Laurentian land, and 
indicating extensive movement of stones, boulders, sand and mud, not 
improbably in part by* ice action, along with great igneous ejections of 
Diorite, &c, consequent on the foldings of the crust which closed the 
Laurentian age. The deej^water formations of the period are little known 
to us ; but their margins may be represented by the limestones and black 
slates. The forms of Protozoa resembling Eozoon, the burrows of worms 
and remains of sponges indicate oceanic conditions. 

Useful Minerals. — The Huronian includes the great copper veins of 
Georgian Bay and the gold and silver deposits of the western extremity 
of Lake Superior, the iron ores of Marquette and ^lenominee. The 
Trappean ash rocks and gabbros of ^laimanse, Michipicoton Island and 
Kewenaw Point belong to the Kewenian, and contain much native copper 
and silver. The rich silver deposits of Silver Islet, Lake Superior, belong 
to the Animike formation. 

PALAEOZOIC PERIOD. 

(L) Cambrian System. 

1. Lower Cambrian. — In Canada the quartzite and slate of the Atlantic 
coast of Nova Scotia (the gold series,) containing Aatropolithon and trails 
or markings known as Eophyton and Scolithus, may Vxj referre<l to this age. 
We may also place here the Basal series of Matthew in Southern New 
Brunswick, consisting of conglomerate, sandst^ine and shale with linguloid 
shells, Obolus pulcher, ^latthew, and worm burrows, ( Pmrnmicknites and 
Scolithus.) To the upper part of it are now referred tlie Georgia beds of 
Vermont and Quebec with Olenellus Thomparmi. I^p worth has (1888) 
announced the discover}' of Olendiuus and it8 associates in the Lower 
Cambrian of England It would api>ear that in Euroj^e and America as 
many as 67 genera and 165 sj^cies of marine invertebrates, inclmling all 
the leading types of marine life, liave l^een found in the Lower Cambrian, f 



* The precise relations of tly: HaAtin;;*! V^*f*^i» "i Ka«tern (hitMrinjf and various ot(ier 
groups of altered rocks resembiiu^ it in mineral ctiaracUrr, with tb^ Huronian, are 
not yet well understood. 

fWalcott. 

K 
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In America, in adilitioii to Olenellits, Pli/choparia, Microdiicus, EUipiO- 
eephalus, Hi/olithes, Oholiis, Kiihiyina, Eoci/sfiles, Leptomiius and other 
genera have been found. 




I'ig. ba.—OUaeliat Thompmni, Georgia slatoi. (After W»lci>tt. ) 

Here some would also place provisionally, in the absence of fossils, the 
Kewenian, or Upper Copper bearing aeries of Lake Superior, and the 
Signal Hill series of Newfoundland. Both of these are formations of 
con glome rate and sandstone of reddish colours and associated with igneous 
rocks and resting on the Huronian. It is possible, however, that these 
beds may constitute another series below the Cambrian. They may 
correspond with some of the older sandstones and schists of Western 
Europe which iiniierlie the fossiliferous Cambrian. 

The Caerfai series of Hicks in AYales, consisting of purple, red and 
green sandstones, shales and conglomerates, seem to be the equivalent of 
these beds, and also etages A and B of Bohemia, and the Eophytoii and 
Fucoidal shales of Sweden. The known rocks of this age are everywhere 
littoral or coast formations. 

2. Middle Cambrian.— \n this we may place the Acadian series of JTew 
Brunswick, Division 1 of Matthew in the St. John group, consisting of 
slates with abundant fossil remains, and equivalent to the Solva and 
Menevian groups of Wales, and to the Paradoxides beds of Sweden. 
They are also the equivalents of the Paradoxides slates of Southern 
Newfoundland and of Braintree in Massachusetts. These beds are 
divided by Mattliew into four series, (a to d) of which c and d are those 
to which the name Acadian group was originally given. Above these at 
St. John are other slates containing fossils which indicate a somewhat 
higher horizon passing into the Upper Cambrian. 
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TosBiLa. — PaivB/diri Jf», (Fig. 51.) Conornryphe, Clenouphalm, [Fig. S2.) SficrodiMua, 
.Agnostia. and other trilobitea, alao Lintiultlla, (Fig. 53.) OMiiA^iS' 5*-) Slenot^^at, 
(Fig. 55.) HgolUhti, Emgttita, Protaipongia, itr, lu the upper Division are Cteanp^s'i 
Ftychoparia, Agnoitut, Kutorgina, iv. TKe species and many of the genera are diatboC 
from those in the lower granp, 

Mattbews has catalogued 65 species from this Bevies, of wliicli 28 are 
Trilobites, but the Molliisks, Echinoilorms, Coelentoratea and Protozoa are 
also represented. 

At Mount Stephen in the Rocky itluvrntniiis, on the line of the Canada 
Pacific Railroad, fossils of Lower and ifiddle Cambrian age have been 
found in a formation of quartzite, shite and lituestoue, 
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Thia Upper Member, tlio Calciferous saml-rock o£ the origmal survey 
[ of New York, is represented by coarse dark-colored dnlomite over tha 
I contmenlal plateau, but contains slaty beils (Didyonema shaleaj oil the 
I Xower St. Lawrence. It may admit of division into two members 
[ "belonging respectively to the Cambriatt and Siluro-Cambrian. 





Fig. ^.—LingiiUlliL antiqaa c. Short variety, d. Long vsrietj. 

Dislnbiitiint. — Tlie Lower Cambrian is best developed on the Atlantic 
coast of Nova Scotia, where it coualitutea the gold-bearing series. It 
■9 also in southern New Brunswict iiiii] in New England and New 
York as vrell as in the extreme west. The Midille Cambrian, or Para- 
doxides series seems in great part limited to the Atlantic coast, not hav- 
ing been found in the interior continental plateau of America. The moat 
typical Canadian representatives are those of the vicinity of St. John, 
New Brunswick. It occurs, however, also in the west. The Upper 
Cambrian is found in Quebec aud Ontario, and in the State of New York, 
and also in the Rocky Mountains; hut appears to he less developed on 
the Atlantic ninri{in. The Upper Cambrian is extensively represented by 
the Potsdam Sandstone and Calci/erous sand-rock ail over the continental 
plateau of America. It would Ihiia appear that the Middle Cambrian 
begins with a period of continental elevation followed by gradual subsi- 
dence. Similar evidence e.tists in Europe. The Potsdam is extensively 
developed in the western part of the Province of Quebec, aud in New 
York, where it often rests liireclly on the Lnurcntian. 



70 HISTORICAL G£0L0GY. 

Minerals, — The gold veins of Nova Scotia occur in Cambrian rocks, 
especially at and near the junction of the quartzite and slate constituting 
the Lower Cambrian of the Atlantic coast. They are best developed on 
the anticlinals, and often coincide in direction with the strike of the beds. 
The matrix is usually quartz, in which the gold occurs either disseminated 
in microscopic grains or in nuggets. These veins are of later age than 
the beds they traverse, probably as late as the Erian or Devonian. In 
some parts of the coast region of Xova Scotia Staurolite, Chiastolite 
and Garnet have been developed in the altered slates. 

In the Eastern Townships of the Province of Quebec, where large areas 
at one time supposed to be Siluro-Cambrian (Quebec group) are now 
mapped as Cambrian and Pre-Cambrian by the Geological Survey, there 
are extensive deposits of Copper, (Harvey Hill, Wickham, &c.,) also 
veins of Gold, Chromic Iron, Manganese, Fibrous Chrysotile (Asbestos), 
and Soapstone. These deposits aie believed to occur principally in the 
Cambrian and Pre-Cambrian areas. 

(2.) SiLURO-CAMBRIAN SySTEM. 

(Lower Silurian of Murchison, Ordovician of Lapworth.) 

L Quebec Series (Calciferous-chazy). — In Canada (fee, shales, lime- 
stones and sandstones of Point Levis, and the south side of the Lower 
St. Lawrence, Upper Calciferous Dolomite and Chazy Limestone of the 
interior plateau. In the United States a belt extending southward 
through Vermont and New Hampshire. European equivalents — 
Llandeilo series in part, Areiiig (Skiddaw and Borrowdale) of England ; 
Etage Dl, Bohemia ; Lower Graptolithic slates of Scandinavia. 

The Quebec Group proper is a submarginal series belonging to the 
Atlantic border, and from its coastal position has been subjected to great 
lateral pressure and folding, and locally to metamorphism. The equivalent 
rocks of the continental plateau are more calcareous and less disturbed, 
and their fossils are for the most part different. The disturbed position 
and peculiar conditions of deposit of the Quebec group have caused much 
perplexity, and this is increased by the ancient facics of the fossils as 
compared with those of the plateau deposits. It is also now known that 
rocks and fossils extending from the Upper Cambrian to the Trenton 
group have been folded in with the beds of the Quebec group proper. 

Fossils. — Graptolites of Genera Ch'aptoHthus, PhyllograptuSf Dendrograptus, 
Dichograptus, Dictyonema^ &c. Tiilobites of Genera Dikellocepkalus, Agnostus, 
Arionellus, Bathyurus, &c., Land \A9,vi\.B—Protannularia of Skiddaw series. 




PrvlMpngia tftnimrma. 



1 
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The Graptolites of the Quebec group have been described by Prof. 
James Hall, and more recently comparisons have been instituted between 
the succession of genera and species in Canada and in Europe by Prof. 
Lap worth, from which it appears that the oldest graptolithic beds (Matane, 
Cape Rosier, &c.) containing Didyonema sociale, are, as stated by the 
writer in 1883, as old as Tremadoc, the Levis graptolites, {PhyllograptuSy) 
Tetrograpttiity Dichograptics, &c. represent the English Arenig, and 
certain upper beds, (Marsouin, &c.) are of Trenton or Utica age. This 
graptolithic succession may be stated thus, in ascending order : — 

L Didyonema ZonCy holding D, sociale, Salter, equivalent to Tremadoc 
and Calciferous. 

2. Phyllograptus Zone, holding P. typus, &c., and Levis trilobites and 
Protospongia, equivalent to Arenig and Upper Calciferous or Chazy. 
Typical Quebec group of Logan. 

3. Coenograptus Zone, holding C gracilis and Trenton fossils. 
Equivalent to English Bala and to Black River and Trenton. 

All of the above are found at various points in the long range of 
Cambrian and Ordovician deposits between Cape Rosier and Quebec and 
thence south-westward, and which collectively constituted the Quebec 
group of Logan. 

4. DiplograpttLs Zone, with D. prist is, &c., equivalent to Upper 
Caradoc and Utica shale. Beds of this nge occur on the North shore of 
the St. Lawrence near Murray Bay and Les Eboulements, also at Lake 
St. John. Certain beds associated with the Quebec group at Cove fields 
and Orleans Island near Quebec show a transition toward this faima, 
according to Lapworth. 

The Graptolithic fauna is of special value because it is oceanic and not 
limited to continental plateaus. It presents identical characters in the 
west of America as well as in Europe, and even in Australia. An 
interesting illustration is furnished by the discovery of graptolites on the 
Dease river, in the Northern part of British Columbia, by Dr. G. M. 
Dawson. According to Prof. Lapworth they are mostly known species of 
Middle Ordovician age. Similar species were found by Mr. R. S. 
McConnell in the Kicking Horse Pass, Rocky Mountains.* 



* Canadian Record of Science, 1888, 
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2. Trenton Series. In Canada — Black Kiver and Trenton limestones 
of Quebec and Ontario. Corresponding rocks of the New York series. 
^European equivalents — Bala formation of England and Wales; Ktogo 
D 2 of Bohemia; Regio C, or Oeland limestone of Scandinavia ; Grapto- 
lite and Caljmene slates of France — Second Fauna of Barrande, 




The Trenton series represenU a submergence of tlie whole cintiiiejiliil 
plateau of JTorth America under warm wittera richly tidianti"! hy a nfiit 
variety of forms of invertebrate life, and repreHeiitiii;; tlie nultiiiiiiiti'iii nt 
the invertebrate animals in the Lower Palafowjic, .Morn '(Hinicinlly LJMt 
great Cephalopoda of the family Orttiweralida; vh:Tk d'liiiiiiiiiit at thu 
time, and the genera J«a^Au«, Calijmen^. aiA TriniyiKim tv\Aaiv. th'j iiVV't 
forms of Trilobitea The Utica shale overlyiti;^ th« 'IV-hUki r-pri-imiilM iiii 
influx of cold and muddy W3t«rs into the ;{re!it inland wunf Um! 'IViit'iH, 
along with the entrance of Orapt'flit^it and ottc-r 'i<:euiii'i Uittut'A Wh;. 



Fossils. — ^Bich iDTerteIiT«t« Fuui« vf O-mJn, (jtiirAiln, liivAiUi^A*, l,uiiii.- 
branchistea, Gastcropudi and CnutftMnMM. TliK f-Jl'twJuK ww imy iliiua'Hj-) iii W 
Cuiada— Jfoi(lKi^>Dra|<litf'a'«tit (pqcici), '>AtiA.iMriaaJr:o^alil, Trlriulia-m fihinU 
Plilodutra acuta, Gtyptorrinia rauMl-itrt, l»n/*//iatii-A iiH/fMiita, I^i^uhi. iiU 
OrOiit Ifiix, lAugKla quadratti, <,>rt.<(fc»(« Uinurutli, Murrhiuiiiin iMl'irlHrla, I'liu 
1. Ciaiii/arH (rentoBtwM, Avu/Jiini m^j'tUir, Tii»afUiu aiurnili" 



In Nova Swda and K-tw iinuKykk tlie ')*. 
appear to be represeut/jd by vhf ^iiviA/AM ') 
Brunswick, and by ^iiv f'lVJl**, nyj(X-riiK'i¥>*-', tU 




SiLtHO-CAUBBiAK Foaaiui. 
Tig. S5.--ffraplolitku3 bkornis. 66.— ftfraio jiro/iiniia. 67.— jVon(idiH/wm,8]), 68,— 
Pti'.o-iieiya acuta. H^.—Liagula quadrnta. 70.—Orlhk lynx. 71.— Orthii 
patijiflla. 72.— 2Siyii(Aonef/a increbrttceni. IZ.—Discina, eiree. 7i.— Orthii 
ttttudiNaria, 75. — Slophomtnaallernaia, 76. — Sellerophon Suleaiinat, 77. 
— MurehUoniagracilii. 7S.~Af. bicincta. 79. — Pltarotomaria vmbilieatula, 
80.— Ortftocero* Bp. Sl.—Calymenetenaria, 
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Mountains, <fec. in Nova Scotia, which have been named the Cobequid 
series. They resemble in mineral character the Borrowdale series of 
England. 

3. Hudson River Series. In Canada — Utica shale of the St. Lawrence 
valley, shales, coarse limestones and sandstones overlying the Utica in 
various parts of Ontario and Quebec, and extending southward into the 
United States. European equivalents — Caradoc sandstones and shale. 
Regio D of Scandinavia ; Etages D3, D4, Bohemia. 

Fossils. — Continuation of invertebrate Fauna of Trenton in part, with some new 
tyi)es, as Favistelia stellata, Halysites gracilia^ Ptefi'inea demissa^ Asaphus Canadenm, 
Triarthrus Beckii, and T. spinosus. Graptolites abound in some parts of the Utica, 
especially G. pristiSf G. bicornis and G. ramosus. Earliest certainly known land 
plants — Protostigma, Annularittf Sphenophyllum . 

Distribution. — Formations of this age occur in patches along the north- 
ern coast of the Gulf and River St. Lawrence, on the north side of 
Anticosti and on the south side of the St. Lawrence from Gaspe. From 
Bay St. Paul upward, they occupy both sides of the St. Lawrence and 
the valley of the Lower Ottawa, as far up as the Thousand Islands. 
"Westward of this they form a broad belt extending across Ontario, from 
Lake Ontario to Georgian Bay. They occur in the Islands of Georgian 
Bay and the North Channel, and at River St. Mary cross over into the 
United States. They reappear in the Valley of the Red River. 

Useful Products. — The limestones of the Chazy and Trenton groups 
afford good building stone and lime. Sandstones and flags are found in 
the Hudson River series. The Utica shale is in some places sufficiently 
rich in bituminous matter to aflbrd illuminating oil, and it is also a source 
of natural gas. The copper and other metallic minerals of the Eastern 
Townships of Quebec, formerly referred to the Quebec group, are now 
regarded as for the most part occurring in older rocks. 

III. Silurian System. 

(Upper Silurian of Murchison.) 

\. Medina Series. In Canada — Sandstones of the \yest end of Lake 
Ontario and extending thence into the United States. Lower part of 
Anticosti series. European equivalents — Llandovery formation of Wales 
or beds of passage, including the Mayhill sandstone. Etage E 1 Bohemia. 

Fossils.— The trails known as Arthrophycus, and Lingula Cuneata are characteristic. 
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2. Niagara Series. In Canada — Clinton and Niagara limestone of 
Ontario, and tbeir extension aoutiiward into the United Slates. Lower 
Arisaig and Sew Canaan elates of Nova Scotia ; Upper Silurian lime- 
stones and slates of Northern New Bninswiok and Gaspc in part 
European equivalents— Wen lock limestone and shale of England. Etage 
E 2 of Bohemia. 

FoSHtLS. — The Niaffara limffitone contsing a rich nukrine Eaunsi ; Aftylotpongia 
praemona, Stromalopora foTiantrica, and Corals, Ac nf tlie Kenera Faiiiiiltt, Sii'niiUt, 
Btliiilittt, Dtetyaaema ; CrinoidB, HS BUphaiineriKVi and CaTi/ocriniia ; Molluakg, as 
^rophomtiia, rugoia, Penl-iiaerai, Spirifer-Ifiar/areBiii. Trilubitea of genam Dnimania, 
Lichai, Ca!i/menf, and lUatniit, ore chnracteriilic. Qlyptodendron of the Clinton ia 
probably a LycopodlaceouB plant. 




SiLURiAy Fossils. 
Kg.ftS.— ffefiofilMipWTJWKa 84. FavasiletQoMandiei. 83. BalytUa 
86, IWctjfmienm Weftiferi. 87. Pali^aiter If iagai a ' 



A 
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3. Salina Series. In Canada — SLales, maris, dolomites and rock salt 
of Goderieli in Ontario. This is a local series confined to the iiiteriot 
basin of North Amarica, and marking a period of elevation and dry climate 
with deserts and salt lakes. The Guelph limestone and dolomite of 
Ontario ie a transition deposit between tills and the Niagara. Megalomna 

Canadenm, a lai^e lamellibranchiate, ie characteristic of the Guelph lime- 
stone, There are also species of Utroniatopora, Murchisonia, Cyclo- 
-nema, Ac. 

4. Helderberg Series. In Canada — Limestone of St. Helen's Island, 
Montreal ; Upper Limestones of Anticosti ; Cafe Gaspe limestone ; 
Upper Arisaig series, Nova Scotia. Eui-opean equivalents — Ludlow 
Serios of England : Etage F, G, of Bohemia. 




I. Hoiialoni/Nt delpki 

Fossils. — Ptnlama-ai ffalealui, P, pseudo-galralut, Bhynekonetla vtnti-icoia. Spaoiea 
of Meritta, ChaneUa, Eatonia, Strktiandinia, Tenlaculita and Eargptenu, are cbiir- 
acterUtic. The earliest knuwn Scorpiona and Insects occur in the Silurian. Fosail 
ylKaiaalgemtaP»ilophyUm,Se>natnpkytrm,&.a.,oBc\ii. Earliest fosail fish ea — Ptacogan- 
oiiU and Sefathiani. In America— PjeriHpia Acadica, Matthew, from the Helderberg 
of !{()«■ Branawtck, FatceaipUi bUruntala, P. Americana, Claypole, Salina of 
Pennsylvania. 

Distribution.— The. Silurian rooks are well developed in the district 
extending north-westward from the Niagara river to Lake Hnron. Thej 
occupy a large area in Quebec and Northern New Brunswick, extending 
8. W. from Gaspe and the Bay de Cha'.eur ; and isolated areas occur in 
IJova Scotia and Southern New Brunswick. 
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In the East, wliere tliey liave been involved in the folds extend 
South-westward ly in the Apalftchians, they have been much disturl 
more oi less altered and afleuted with elaty Btriictare. In the inte; 
plateau and in the area of the Gulf of St. Lawrence tliey remain flat 
inclined only at very aniall angles. Extensive ejections of dolerite f 
other igneoua Tocks occurred in the later part of the Silurian peri 
Examplea of these are atFoi'Ued by tlie grenl sheets of dolerite inl 
stratified with the Upper Silurian in Northern Xew Brunswick, (C. I 
Ami, &a.) and in the trappean maeses occurrin^^ in the valley of the 
Lawrence, and to which Mount Royal and Belceil mountains belcn 
The manner in which the dykes of ihese mountains cut the Utiea bi 
and the association of their agglomerates with the Helderberg limestoi 
show that these were active volcanoes at the close of the Siltiriau. 
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Tlie earliest known land animals belong to the Silurian. lu 1886 Dr, 
Xindstriiin announced the diacovery of a well-preserved specimen of a true 
scorpion, which he named Paheophone/in nunciug, in the Upper Silurian 
of Sweden ; and in December of the same year a sirailat discovery in 
Scotland was announced by Dr. Hunter. In the following year, Prof. 
Whitfield of New York desciibed and figured a third species in the Lower 
Helderherg series of the State of New York. Thus this form of life has 
lieeo at one bound, and in three different localities, canied back from, the 
Carboniferous to the Silurian, a remarkable instance of the nearly simul- 
taneous discovery of new facts, in different places and by different 
observers. 

The insects had previously been traced back to the Devonian or Erian 
period, and the scorpions would now have antedated them, but for another 
discovery made in Spain by M. Donville, and communicated to the 
Academy of Sciences by M. Charles Brongniart, in December, 188i, 
This is a wing of an insect in the sandstone of the Middle Silurian, 
probably equivalent to our Niagara series in Canada. This wing is shown 
by its venation to belong to the Blattidte or cockroaches, a group already 
■well known in the Carboniferous, where they seem to have thriven on the 
abundant vegetable matter of that period. It differs, however, in some 
of the details of venation from any living or fossil species known, 
igniart proposes for it the name ProtiMattina Donvilhi, and as the 
containing this insect are probably a little older than any of those 
containing the scorpions above referred to, this discovery makes the 
Boekroaches, still so numerous and voracious a family of insects, the oldest 
inown air breathing animals, 

The Silurian is also characterized by the earliest known fishes, which 
belong to the groups of the Placoganoids or plate-hearing Ganoids, and 
the Selachians or sharks. These early fishes had in this period to con- 
tend for the mastery of the seas with gigantic Orthoceratites and with 
large and formidable Crustaceans, (Pterygotus, &c,) 

On the land the few known fragments of plants indicate a meagre flora 
of Protogens and Acrogens. 
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Minei'als. — The great Salt deposits of Goderich, &c., in Ontario, occur 
in the Salina series, which also affords Gypsum. The following section 
from the Geological Survey* illustrates these deposits : — 

Feet. Inches. 

Pleistocene Clays, &c 76 9 

Dolomite with Limestone bands 278 3 

Limestone with Corals, Chert, and layers of Dolomite. . 276 

Dolomite 243 

Variegated Marls with layers of Dolomite 121 6 

Bock Salt 30 11 

Dolomite and Marl 32 1 

JtockSalt 25 4 

Dolomite 6 10 

BockSalt 34 10 

Marls and Dolomite 80 7 

BockSalt 15 6 

Dolomite and Anhydrite 7 ^... 

BockSalt 13 6 

Marls 135 6 

BockSalt 6 

Marls 132 

Total 1672feet. 

Limestones of valuable quality abound in the Niagara series, and roof- 
ing slates are afforded by some of the altered shales in some parts of 
Eastern Canada. 

IV. Erian System. 

(Devonian of English Geologists.) 

1 . Corniferous Series — Cornif erous limestone and associated sandstones 
in Ontario, Lower Gasp6 sandstones. European equivalents — Plymouth 
and Linton groups of Devon ; Eifel limestones, spirifer sandstone of 
Germany ; old red sandstone of Scotland and West of England. The 
Oriskany sandstone, which lies at the base of the Corniferous series, is by 
some regarded as the upper member of the Silurian. In Canada, how- 
ever, it is more closely connected with the Erian. 

Fossils. — Placoganoid and Ganoid fishes abound. Abundant corals of genera 
Favosites, Heliophpllunit Eridopht/Uumj Cystiphyllum, ZaphrentiSy &c. Plants — 
Nematophyton Logani and Psilophyton princeps. 

* Sterry Hunt, 1876. 



82 



HISTORICAL GEOLOGY. 





Erian Fishes. 

Fig. 98.— Jaw of Dinichthys (reduced). 99. CephcUaspU Dawsoni (reduced). 

^a^ Sculpture. 

2. Hamilton Series. — Hamilton shales of Western Ontario, Middle 
part of Gasp6 sandstones, Cordaite shales of St. John, New Brunswick. 
European equivalents — Middle Devonian of England and Scotland ; 
upper part of Eifel formation. 

Fossils. — Spirifer mttcronatus and Atrypa reticularis and a^pera are common. The 
genus Goniatites appears. Fishes of genera Dinichthys. Trilobites of genus Phacops, 
Numerous fossil plants of the genera CalamiteSj Lepidodendron, PaUopkyton, Archaeo- 
pteriSf CordaiteSy &c. Several insects {Platepfiemera, &c.) appear in the St. John 
shales. Earliest Decapods {Palceopalemon). 

3. Chemung Series, In Canada — Shales, &c., of Kettle Point, Lake 
Huron, Upper Gaspe sandstone, upper sandstone and conglomerate of St. 
John, New Brunswick. European equivalents — Upper old red sandstone 
of Scotland, Kiltorcan beds in Ireland, Petherwin group of Devon, 
Cypridina shale of Germany. 

Fossils. — Many Lamellibranchiates of genera Pteronitea, Avicula, &c. Fishes of 
genera ffoloptychitis, PterichthySy &c. Peach has discovered Millipedes of two species 
in the Erian of Scotland. Ferns of genera Archceopteris, Cychpteriej &c. 





r\ 



^ISj I 



Ebia.v on Devosi.in PLiNTa. 



Fig 100 —PnUiphgton priiicept. a, fruit, i, stem enlarged, r, Bcalariform vessels of 
axis. 101 SphcnopAgllum autiiovm, o, magnieed. b, natural die. 102. 
Aattfopkyllitei parvula, a, natural site, i, e, portions magnified. 
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Distrilmfion. These rocks occupy the peninsula of Ontario between 
Lakes Erie and Huron. Tliey occur largely in the region south of Lake 
Erie and elsewhere in the United States. They are extensively developed 
in Gasp* and the Bay de Chalenr and also in Southern New Brunswick. 
In the maritime regions however, last mentioned, the great limestones, so 
rich in corals in Ontario, are wanting, and the whole system is represented 
by shallow-water beds, while fossil plants and remains of fishes prevail to 
the exclusion of strictly marine forms. The following table shows the 
comparative development of the system on the Atlantic margin and the 
Continental Plateau :— 
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Devonian, or Eriaa of America. 






NKW VOSK 4ND 


at^Ei JSD B.« 


BOtTBKtlN NKW BRDSH. 








DB CHALKtB. 


WICK AND NOVA B0OTI4- 




Upper Devonian or 


Chemung Group, 


Long Cove, 


Minpec Group, 

Sliate, Sondalona and 
CoDirlanisrate. Sand- 
slooea naac Middle 
R., Piofou ! 




Etian. 


Hamilton Group. 


Middle Sandst'.neB. 

Bois Bnilfi, C»[ie 

Oueau, etc 


Little R, Group (inolud- 
Ine Cordaite ehalea 
and Dadoxylon gaud- 




Brian. 


Orisluiny RToupB* 


Gasp^Baain. 
Little Gmp^ 


etc. Niotauji and 
Bear River Series 
(Oriflkany). 





A similat difTerence obtains between the Atlantic margin and tho 
intorior continental area in Europe, as evidenced by the comparison of the 
old Red Sandstone of Scotland with the Eifel limestones in Germany. 

The Erian is emphatically the period of the reign of fishes, when animals 
of that class first hecame dominant in the waters. The rich fish fauna of 
the Devonian of Scotland has long been known, and the discovery of 
Cephalaspis and Madiaeracanthus in the Gasp6 sandstones, by the author, 
in 1869.* showeil that both Placoganoid and Selachian fishes existed in 
Canada in the Lower and Middle Devonian, More recently Mr, 
Whiteaves has described, from the Lower Devonian of Campbellton, 
fishes of the genera Goecoateus, Oepkalayiia and CtenacaiithiiK, and from 
Upper Devonian beds at Scaumenae Bay, other species of the genera 
Ptericldhys, Diplocanthvs, Phaneropleuron, Glyptolepii, Clieirolepie, and 
of ft new genus named by him Eusthenopleron.^ The evidence of the 
relative ages of the beds as indicated by the fishes corresponds perfectly 
with that deduced by the writer from the fossil plants which accompany 

The Erian is also the age in which we first find, in the Falieozaic, the 
evidence of extensive forests and of great vegetable growth. "We have 
remains of Land plants, as already stated, in the Silurian. But in tho 
Erian we find a profusion of new forma, introduced however not in the 
b^inning of the period but more especially in its middle portion. The 
Lower Erian fiora is meagre, and the prevalent forms are Peilophyton, 



* Geological MagaziQe, 187( 
+ CieBuep first noticed the S 
Ells and Foord. 



ra aubsequsntty collected by 



Arthrostifjma and Neniatophi/ton. In the miiltlJe Erian we have Gymno- 
sperms, represented by Dadoxylon, Oonlai/es, and the fruits known as 
Ajiiholitkes and Cardiocarpum. Of Acrogens wo have Lepidoderulron and 
LeptopJileiim and Lijcopodiles, representing the Lycopods, Calamitee, rep- 
lesenting the EquisetaceEe and numerous genera and species of ferns, both 
tree-ferns and herbaceous species. We have also a vast exuberance of the 
humble aquatic plants known as Ehizotarps, their sporocarps filling some 
thick beds of shale in such a mannor as to render it highly bituminous. 

Mineral Products.— The Erian is especially remarkable as a source of 
petroleum, which aeeaia to abound in the Corniferous and Hamilton groups 
in certain districts in Ontnrio and in the Korth-Weat. 



V. Carbosiferous System. 
1. Horton Series. Lower Carboniferous Shales and Congloi 
Horton Bluff, &c., in Nova Scotia. Equivalents in United States — 
Vespertine group of Pennsylvania ; Waverly sandstone (in part), Ohio; 
Kinderhook and Marshall groups of Illinois and Michigan ; lower or false 
coal measures of Virginia. Eviropeau equivalents — Tweedian group or 
Calciferous sandstones of Scotland; Carboniferous shale and Coomhala 
grits of Ireland ; Culm formation of Germany, Gray wacke of VoBges. 

Fossils.— Fishes of genera SAadiniehthi/i, Skiiodiii, Acrdlejiis, Cltnaoanthia, Ac 
Footprints of aarliegt knawn Batrocbiana : Lepidodeadron eorragatvm, . 
Acadica, Cordaiiis, &c. 




4. — Pu/ifoniKin mndn/u>, Dn. a. Outline, tiaturHl aiv 
eiilarped, seen from inside. The lower mw are th 
Surfaoe of exiioned part of sciile from side and from u 
ing sculpture enlarjfed. d. One of the dorsal Bonlcn 



ir lobe of tnil, gbo y 



2. Windsor Series. In Canada — Lower Carboniferous limestones and 
gypaifeioua Beri«a of Nova Scotia and New Brunswick. Equivalenta in 
United States — Burlington, Keokuk and Cheater limeatonea of Illinois. 
European equivalents^ Old Mountain or Carboniferous limestone of 
England ; Calcaire ConUrusien of France ; Kohlen-kalk stein of Germany ; 
Fuaulina Urn ea tone of Ruesin. 

FoasiLS.— Marine Invertebratea of genera Fuiulina, LHhoitrotion, Csathophyllani, 
FeneUdla, Prm/uctn*, Ttrebratuta, AthyrU, SpiHftr, AoiUJil'ypedta, Jtfacrmfon, 
Conularia, NaulUm, Orthoeeraa, PhUlipaia, &c. 

3. Mil/stone grit. Canadian types — Sandstones and congbmeratea 
between the Carboniferous limestones and the coal formation, in Nova 
Scotia and New Brunswick. In United Statea — Serai conglomerate of 
Pennsylvania, Lower Carbouiferoue sandstone of Kentucky, Alabama and 
Virginia, Chester group of Illinois in part. European equivalents — 
Millstone grit and Yoredale rocks of England ; Moor rook of Scotland 
Jungate Grauwacke of the Hartz, Saxony and Sile«ia. 

Fossils,— PlantB ainiilar to tlioae of tha Coal fonuation, 

4. Coal Formation. In Canada — Productive coal measures of No5 
Scotia and New Brunswick. In United States — coal formati 
Pennsylvania, Ohio, Illinois and Michigan, represented ia the west by 
marine limestones, &c. In Europe — the coal formations of Scotland, 
England, France, Germany, &c. 

FoasiLa. — Land plants of geaera ATaacaTOxyUm. Sigillaria, Lepidodtndroit and 
Calamitn., and Ferns and allied plants. Fiahea of genera Palaoniicat, Rkizodia, 
Diplodai, Oj/racantkva, &D. Batrachians of genera Bapheta, Dtndrcypeton, Bn'oilomut, 
AnthnuomuTuii, &c. iDaects, Millepedes, Arachnidans and Decapod Cnistacean». ■ 

ORIGIN or COAL. ■ 

All ordinary beds of coal consist of compressed and carbonized veg^^ 
table matter, principally the cortical and other more durable and least 
permeable tissues of plants. That this matter has accumulated in situ 
on swampy flats and depressions, is aho^vn by the occurrence of fossil 
soils or "underciays" full of roots, below the coal-seams, by the vege- 
table debria spread out in the shales which overlie the coal, and by the 
frequent occurrence in these "roof-shales" of erect trees rooted on the 
surface of the coal (See Figures, page 92). 

The chemical relation of vegetable matter to ordinary bituminous ci 
is seen in the following table : — 

Cellulose, - - - - G^R,„ 0„ 

Cork, C,.H,.r« ^,Ti 

Bituminous Coal (Regnault), C„ H,, O,,^ 



s 





COAL-FOBWATIOS SOBBILB 

Fig. 122. Pufa tetuila J n, natural giie, d, enlai^ed, e, apex, li, eculpture. 123. Can- 
ii(m» pj-imriiB; a, enlarged, b, sculpture. 124, SpirorUi carbonanus. 125, 
EHlamoflracang ; a, Carbmiia bairdeoidet, Jones; 6, Carbonla injtata, 
JonBBi e, Cytkere. 126. MtlUpedei; a, :Sslobiui, eigilfarke; 6, Archiidut 
Xnlobiodet ; e, XsM/itis faretui. 127. B!aUina Brrioneiwig, 128. Blatlina. 



90 



HISTORICAL GEOLOGY. 



Distribution. — In Canada the Carboniferous occupies considerable areas 
in Nova Scotia and New Brunswick, and includes the extensive and 
valuable coal fields of Cumberland, Pictou and Cape Breton. The Carbon- 
iferous district of New Erimswick while extensive in area is as yet 
Itnown to contain only thin beds of coal. The thickest beds occur in the 
vicinity of the ancient shores of the older formations in Pieton, Cape 
Breton and Southern Cumberland. These coal beds from their resting 
on fossil swamp soils or underclays and being covered with beds holding 
erect trunks of trees, are known to have been produced in situ, and 
to represent buried bogs of the period. The microscope shows that the 
■coal itself is made up of layers of vegetable debris, largely cortical and 
epidermal tissues of trees, and sporocarps and other remains of fructifica- 
tion. Woody matter proper appears in the form of mineral charcoal. 

In the Rocky Mountains and in British Columbia, Carboniferous rocks 
are largely developed, but consist principaUy of quartzites and limeatonea 
associated with igneous rocks. lu British Columbia the limestones con- 
tain foraniinifera of the genera Fumlina and Loftusia. 

The forests of the Coal period were remarkable for the great abundance 
of Sigillariffi, and the Stigmaria roots of these trees are present in nearly 
all the underclays. Conifers, ( Dadoxylon), Cordaites, Fema, Equiaeta 
and Lejndodendra are also extremely abundant. The flora throughout 
consists of Gymnosperms and Acrogens, but the species differ somewhat 
in the different members of the group. 





Fip. 129.— Tooth of Ctennptyehivi ciiatatui, N.S. ; naturnl eiie and magnified, I 

In addition to insects and scorpions we now have on the land many 
myriapods and land snails, and above all, numerous batrachians, some of 
which, those of the Labyrinthodent and Microsaurian groups, presented 
characters in advance of those of the class in modern times. The genera 
Eosaunta, Baphetes, Dendrerpeton and HyJonomit^, maybe mentioned a 
examples. (Fig. 130.) 




PAL-EOZOIC PERIOD. 

Useful Minsraln. — The Lower Carboniferous of Ifova Scotia abounds 
in Limestone and Gypsum. It also contains ores of Iron (Limonite and 
Suderite) and of Manganese (Pyrolusite), Valuable sandstones for build- 
ing, and grindstones are also quarried in the Millstone Grit and Coal 
fonnation. This formation is however most remarkable for the great 
workable coal beds, now mined in various places, and the produce of which 
■is extensively exported from Nova Scotia and Cape Breton, i 
irom the Fictou and Spiinghill mines and from the various collieries ii 
Eastern Cape lire ton. 




!Fig. I^.—Baphtta planierps, Owen, a. Fragment of MaxUlar; bone, Hbowing sculp- 
ture, faui outer teeth, and one inner tooth ; nataral size, 6, Section of ini 
tooth ; magnified, c. Dermal scale ; 

The Permo-Carboniferous occupies some space in the south of Prince 
Edward Island ; and the Lower Carboniferous, locally termed the 
Bonaventure formation, extends iato the east of Quebec. A limited 
area, including beds of coal, occurs in western Newfoundland. In the 
west, rocks of Carboniferous age occur in the Rocky Mountains and in 
British Columbia, but, so far as known, without beds of coal. 

The following section from Acadian Geology represents a bed of coal 
with its accompaniment'}: — (Fig. 131.) 
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—Section from the Coal formatiaD of S. Joggiiu. 1. Sbale. 2. Sbalj coaS 
1 foot. •(■ tJaderclay with rootleto, 1 Foot 2 inchea. 4. Gray sandaMa-a 
paBUDg downwardi into shale, 3 feet. Erect tree witli Stigmaria roota f e= 
on the coal. 5. Coal, 1 inch. li. Underolay with roots, 10 inches. 7. Gn 
sandstone, 1 fool o inches. Stigmaria rootlets continued from the tiam 

flbove ; erect Ctlamitei. 8. Gray shiJe, with pyrites.— flattened 




abA]; clsi.-luiidcrcUy). 



Fig. 131a.— Section on Coal Creek near Richebuoto.— Dr. Robb. 




A Odenitipterii lubcuneala iaSter Bmihiay) 

B IfeuropterU cordata. 

AletJi/jpteri) lonrAitica. 

D Didi/oplerit obliqaa (after Bunbnry). 

E FhnUapterit antiqaa, m&g. (El) ni 

F IfeaTojittnt cydopttroida. 




SigiUaria BrmmiH restored B S eferons refltored Bl Leaf of S. eftfnint. B* 
~ inuf decortiLsted atem, shoniDgoneof the tnuuvorse bands of fruit-eoui. 
B3 Portion of atem and branchee, reduced — aod scara, naC. size. C Ctota ate- 
tiiin of S. Bnmntii (!], reduced, and portion at (M), nat. size, (a) Stprnberftia 
pith, (At) Scalarifutin veasela, {(A) Discigerous ceHa, (c) Iducf burk. {4) Otita^ 
bark. D, E, Tiasaea mng. F Si^rUlaria Bretonentit, §. G S. Uriata. K S, 
tmintni, reduced. I S. cattnoiiiee. K f, planicotia. L I<esf. 




FlQ. 133.— OAHBOSlFKaOCS CAiuisiraEa. 



A Calamiiei Suck v roBtuiedl. 

Al Foliage. 

As Kibs and Scare. 



k 



B9 Leaf en1ar(^d. 
C Leavea of C. norfojiw. 
CI Whorl, eolarged, 
D Stracturo of stem, 
£ Vessels, magnified. 



PALAEOZOIC PERIOD. 



97 



VI. Feriuah Ststbm. 
1. LoiKi- Permian. Canadian type— Penno-carboniferoua red eand- 
atonea of Prince Edward Island and Eastern Nova Scotia. In United 
States — Permian sandstones of Virginia and limeatones of Kansas and 
Nebraska. Upper Carboniferous beds of Illinois, holding remains of 
reptiles. European equivalents — Lower Permian sandstones of England. 
Eotheliegendes of Germany, Lower Permian Sandstones and Limestones 
of Russia. 



a\]a.r to those of tbe Cajl 



.□Ller. 



OB. The 



2. Upper Fei-mian. Not represented in Canada, but marine Ume- 
atones of this age occur in Kansas and westward. In England it is rep- 
resented by the important formations of the Marl slate and Magiiesian 
limestone ; in Germany by the copper slate end zechstein ; and in Russia 
ty the copper sandstones and gypsiferons limestone. 



The Permian or Perrao-carboniferoua ot Prince Edward Island does 
not as yet admit of any div n nt d t n t groups, and it rests conform- 
ably on the Upper Coal-format n w th t any stratigraphieal break. It 
is characterised, as wilt be n n the e t on following, by a prevalence 
of sandstones and shales col u d 1 y the d oxide of iron, 

Stetion on tht taulh coatt f P Ed na d Iiland, at Ballot Point. 

Feet. 

1. Brown and niddUh sandetoties, with thin bonds oE concretionary limestoneB 

and calcnreoue conelomerate, with fragments of red clay or shale 30 

2. Red and mottled clay ; thin-bedded and nltemating with argillaceous sandstones 39 
S. Soft reddish sandstones 76 

4. Brown eandatones with gray bands and layers nf concretinnaiy limestona, 

silicified and carbonized trees, Calaniites a,nd oomminuted plants. 81 

5. Concealed by marsh, probably clay and soft sandstone 99 

6. Red and gray sandstone with beds of red and mottled clay 60 

7. Red sandstone with gray and white bands 93 

8. Reddiihsandstoneaad gray bands, withnodulesof oxidsof iron, and Calamites 103 

B76 




. Plants of the Pkeho-Cahbonikkkois 
(Prince Edwftrd Island.) 
(ai WaJchia {n'acilia. fb) W. robuata, (cj Calamitei ffigat. Id) Preoplerit nrtorM 
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has fossiliferous limeaton i 
part, and beds iudicat g 1 tt 
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part, limestone and shale in the middle. It was in the warm-water 
basins covering the plateau in times of subsidence that the successive 
marine faunas flourished. In intetvening times the continental areas 
became elevated and extended, sometimes, as in the Carboniferous, in 
wide swampy flats ; and forests anil morasses spread themselves, while 
subserial denudation produced vast quantities of sand and gravel. These 
successive pulsations of the continental areas produced by successive 
collapses of the crust, constituted the physical environment of the flora 
and fauna of the Palaeozoic. Finally a great lateral pressure and con- 
tinental upheaval, sliding and crumpling, produced the Permian continents, 
and brought the Palaeozoic to a close. 

In connection with this it may be observed — (1) That the Carbonifer- 
ous rocks share in the great foldings which have affected the older rocks 
in the Apalachian region, and in Nova Scotia and New Brunswick. (2) 
That the red sandstones of the Trias are deposited in troughs produced 
by the folding of the Carboniferous, and rest unconformably on the edges 
of the latter. (3) That the great trappean ejections of the Triassic age 
may be regarded as consequent on the precediiig earth movements. (4) 
That the aqueous deposits of the Upper Permian and Lower Trias 
resemble each other in the prevalence of red sandstones, indicating that 
both belong to a period of transition. (5) That, throughout the Northern 
Hemisphere, the Palaeozoic forms of life disappear almost entirely in the 
Permian and are succeeded by new types in the Trias. 

In Canada the principal igneous ejections of the Palaeozoic occurred in 
the Kewenian, (Lake Superior, &c.) in the Cambrian, (Rocky Mountains) ; 
in the Siluro-Cambrian (Nova Scotia, Szc.) ; in the Silurian, (New Bruns- 
wick and valley of Lower St. Lawrence) ; in the Devonian', (granites of 
Nova Scotia and Quebec, Felsites, &c.) ; and in the Lower Carboniferous. 
(Nova Scotia and New Brunswick). 

MESOZOIC PERIOD. 

1. Triassic System. 

1. Banter Sandstone. In Canada — Lower new red sandstone of the 
Bay of Fundy and Prince Edward Island, associated with trappean rocks. 
In United States — Lower red sandstones of Connecticut and New Jersey. 
In the West, red and magnesian limestones overlying Carboniferous of 
Rocky Mountains. In Europe — Bunter sandstone of Germany, Lower 
Triassic red sandstones of England. 

Fossils. — Conifers and Cycads. Footprints of Dinosaurs. 
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3. Keuper Sandstone, In Canada — Upper Triassic sandstones of 
Prince Edward Island and Bay of Fundy, and probably portions of the 
Trias of British Columbia. In United States — Upper red sandstone of 
North Carolina, &c. To the Upper Triassic are also usually referred the 
Mesozoic coal beds of Virginia and North Carolina with their associated 
sandstones and shales. In Europe — Saliferous series of England ; 
Keuper formation of Germany. 

Fossils. — Plants, Equitetumj Pterophyllum, &c. Beptiles, &c., Bathygnathus 
borealis, footprints of Dinosaurs, Lahyrintkodon ffiganteum. The earliest Marsupial 
mammals {Microlestes, DromatheHum), 

Distrihttion of the Triassic in Canada. — This formation occupies a 
large part of Prince Edward Island and the basin of the Bay of Fundy, 
where its trappean beds form the ** North Mountain." of Cornwallis and 
Annapolis. Rocks of this age also appear in the Rocky Mountains, in 
British Columbia and the Queen Charlotte Islands ; but in these West- 
ern regions their mineral character is very different fro'm that which they 
present in the East. 

Both in Nova Scotia and in New England the Triassic age was remark- 
able for the deposition of Red Sandstone in shallow bays and straits, and 
for the ejection of great beds and dykes of basaltic and amygdaloidal 
basic volcanic ash. On the coasts of the Bay of Fundy and Minas Basin 
the tufaceous beds are rich in zeolitic minerals of great beauty. 

The sections show the characters of this formation in Prince Edward 
Island and in Western Nova Scotia. In the former Province, owing to 
the slight dips of the Permian and Triassic and their mineral similarity, 
it has proved difficult to define their boundaries ; but the Trias appears 
to rest in slight troughs of the Permian and to be partly composed of 
its debris. 

Section in Orwdl Bay^ in ascending order, the beds resting on the 
Permian sandstones, ^c, of Gallas Point, referred to under the Permian, 

1. Bright red sandstones with white bands ■, 30 

2. Red shales with white stains and red sandstones with cylindrical casts and 

fucoids 60 

3. Red and purplish, sandstones with gray bands and layers of ferruginous con- 

glomerate with obscure remains of plants 88 

4. Beach, probably representing soft beds 48 

5. Red flaggy sandstone with conglomerate and concretions of red oxide of iron, 

containmg remains of plants 50 

6. Bright red sandstones and red shale with greenish stains 30 

7. Marsh, probably soft beds 24 

8. Red Shale and green bands capped with bright red sandstones 75 

405 
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(Here the section is broken by Orwell Bay, which probably rspreeentB some 
thickoesg of soft beds). 
9. On the high cliffs near Belfast are very bright red BandiCones and ahaly beds, 

with gray blotches >nd cylindrical fuuoids — about 12 

10. Over the Isat are seen, in the country east of Belfast, soft red aandatonea with 
beds of conglomerate with rounded quartz pebblen and areooceous cement 
(ihicknesB iincnrtain) 63 

As seen in this section, the whole thickness of theee beds cannot much 
exceed 500 feet Of this the lowest 270 feet, being Nos. 1 to 5 inclusive, 
of the above section may be referred to the lower division, or " Bunter," 
and the remainder to the upper division of the formation, or " Keuper," 
The dips are so low, and the beds so much affected by oblique stratification, 
that those of the Trias cannot be said to be unconformable to the under- 
lying Permian rocks; and for this reason, as well as on account of the 
similarity in mineral character between the two groups, some uncertainty 
may rest on the position of the line of separation. That above stated 
depends on fossils, or a somewhat abrupt change of mineral character, and 
on a slight change in the direction of the dip. 

In the West, in the Rocky Mountains, and in British Columbia, the 
Trias is represented by argillites with bi valve shells of the genus Monotw, 
by red arenaceous rocks and also by large masses of diorite and felspathic 
igneous rocks. The goid veins of British Columbia are believed to be, i 
part at least, in the Triassic slates. 

II. Jurassic St.'^tbm. 

1. Lias, Not represented in Canada, unless sonie of the shales and 
sandstones overlying the Trias of Peace River are of this age. Not rep- 
resented in the Eastern United States, unless some of the rocks referred 
to the Upper Trias are its equivali^nts. In England, the gray limestones 
and shales of Lyme Regis, t^c, rich in Saurian remains. Similar beds 
■with marls, &&, are extensively distributed in France, Switzerland, Italy 
and Suabia. 

FoastLS (in Europe)— Thia group is rich in marine sheila. Ammmtitidrt abound. 
J%rocenu, Faiadina and other modem genera of gaBtropoda appear. Leptaeaa, 
Spiiifera and other old genera of Brachiopods become extinct. Otlrea and other recent 
forms oE Lamellibranchs appear. EnaHoaauri are abandaot and crocodiles of the 
genoa !PeIco»aariii appear. Cycods and oonifera are the moat abundant foasil trees. 

2. Jurassic proper, or Oolitic Series. Not represented in Canada, 
except perhaps by porphyrite and other volcanic rocks in British 
Columbia, and shales and sandstones of Rock Island, Peace River. 
Limestone and marl of Black Hills and elsewhere in Western United 
States. In Europe — Lower, Middle and Upper Oolite of England, with 
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the intervening Oxford and Kimmeridge clays. Also very largely rep- 
resented in France and the Jura, Mountains and elsevhere in Europe. 
The Lower or Bath Oolite of England ia remarkable for oolitic structure. 
The Stonesfield slate, a fl^gy series connected with the Lower Oolite, ia 
noted for vegetable remains and remains of mammals and insects. The 
Lithographic slate of Soienhofen has many interesting fossils and ia of the 
age of the Middle Oolite. It has afforded the earliest known bird, 
ArckcBoplerijx macrurua. The Upper or Portland Oolite is overlaid by a 
fresh-water formation, the Purbeck, which has afforded many mammalian 
remains and land plants, and also fresh-water snails allied to Planarbii. 

Fossils.— Rem nrkablj' rich in CephalopodB, especially Amijumitidir and Biiem- 
Tiitida. Also in lieptilea, aa Flerodacij/li, Dinoiaurt, Enalioiaan, CrocodileaBi, 
Turtlu, 4c. 




Fig. 143.— JcBABsic Fossils. 
1, — Head of JUegaioiauria. 2. Pterodaetylua criutiroitrit. 
MMmumi, 4. Tail of Archirf'opitrnx. 5. Aniinonk 
B. Mdemiiilea (section). 
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III. Cretaceous Ststem. 
1. Lmcer CretacMm ov Neocomian. In Canada — Tatlayoco lake sand- 
stone and conglomerate, with Aitcella Piodiii, and underlying porphy rites; 
and perhaps the coal series of Queen Chariotte Island and Quatseno 
Sound, in British Columljia ; Shasta group in California ; Lower Cre- 
taceous clays of New Jersey, &c. In Europe — Hastings sand, Weald clay, 
and lower greensand of England, and their equivalents on the continent. 

Fossils.— DinoBaurian Reptiles. Igitanodon and Ht/latosaaria, kc Appearance of 
Teleost fiahee, aad of Aii|[iaBpermDUB Exogena of modeni types. Crioamt, 
Anesloea-oi, and AmmonUti abundant ; Dicerai. 

3. Middle Cretaceous or Centmianian. In Canada — Dakota group of 
Western Territories and its extension north of the iStli paraUel ; Xiobrara 
limestones and clays of Weatem Territories and Western States of the 
Union. This is an extensive marine formation, rich in Foraminifera with 
Ostrea congeata and speciea of Inoceramus and Baculitm. In Europe — 
the Gault clay, Upper Greensand and Chalk marl of England and the 
continent of Europe. 

Fossils.— Speciea nf Bamita, Scaphitet, TurrilUa, Lima, Ottrta, &c, are obftr- 
n Europe. PlnnCa f modern types 




Fig. 144.— CnETACKocs Fossils, [Weatorn Amenoi ) 

—Sealed of Teleoat FialieB, N. W. Territory. 3. TraoTta 

4. Iiioceramut Vanmuvei'tmii. 5. Saculila o <il s 




iRA, Boyne R., Manitoba, 
fa) Tactularia globulota. (h J T. pyipnrea. (e) i'fanorftu/tBa 
(A) PlanoTbulina. 

3. Uppi^ Cretaceous or Semmian. In Canada — Ft Pierre and Toi 
Hill clays and sandstones of the "Western Territories, and continuation to 
the Soutb, Greenaand oi New Jersey with associated clay and lime- 
stone. White or Upper chalk of England and other parts of Europe, 
and white limestones of Nortli Africa and Western Asia, Mastricht lime- 
stone of Denmark, 

Fossils. — Vast nambera nf Ocsantc Foraminifero, eepecially Gi'obigtrina; 
Coccoliths; Sponget uf gaaua Vaitrkalila. ta, ; EohinodonnB of genera AnaniAitei, 
OaJeriUi, MariupiUa, Cidarit, kc ; LametlibranchB of genera laoeframuii, Spondylai, 
Oitrea, &c, ; Cepholopods of genera Be/emniietla, BaculiUt, IfaulUat, tut. ; Reptiles of 
genera Motataurai, Clidantfs, HailTOtaurit» ; toothed birda of genera Idhyornit, 
MeiperoTnii, to. The flora of this period cootaine a large preponderance of modem 
types. Mammalian EemainB (March T8S9). 

Tig. 145. — Jaw of a Cretaceoue toothed bird (Ichlhi/onii ditpar.j ^^^M 
After Mareh. Natural size. ^^^ 

Distribution. — The Cretaceous rocks occupy a broad belt extending on 
the 49th parallel from near the Red Eiver to the Souria Kivor and thence 
to the north-west. They also occur on the Saskatchewan and liead waters 
of the Missouri farther to the west. Considerable areas occur in British 
Columbia, the most important being that which includes the Nanainio and 
Comox coal-field on Vancouver Island. 

In the North-west territories of Canada a great breadth is occupied by 
cretaceous rocks which extend southward to the Gulf of Mexico, indicat- 
ing an extensive inland sea £)Utt of the Kocky Klountains in the Cre- 
taceous age. The following section is that given by Meek and. Hayden 
for these beds as they occur south of the TJ. S. boundary, (order 
descending) : — 
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ark-grey and bluish plaetio clajB. 



« rie»j, 



■ No. 4. foi-i J'ierre Oroitp.- 
ffppium and jEiA 
, No. 3. JFiiilinini Oroup. — Oaloareoiu msrli 

TftlW, Ac 

Ho. 2. ^i>r( .Smfon Sroup. — Dark-grey laminated olays, with some limeitone. 
Manne thdit. 

No. 1. Dakota Gnntp. — Yellowiali, reddiali and whitiah gandatoneB and clay, with 
accasioDtu lignites, llarivt and lome frtA-KOttr thtilt and 
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The Cretaceous Period ia remarkable, in both the eastern and western 
continents, for a prevalence of estuariiie and fresh-water conditions in ita 
earlier portion, and for a great subsidence, producing oceanic conditions 
over wide areas now land, in its middle and latter portion. It is also 
marked by the decadence of the reign of reptiles, and hy the introduction 
of the modern flora in the continents of the Northern Hemisphere. 

North of the Canadian boundary, and eapeciallj westward, the Niobrara 
and Beitton groups of the above section change their character, and are 
composed of sandy shales and sandstones, with beds of coal and fossil 
plants, and shells indicating brackish water. This has been called * the 
Belly-Biver Series, and contains important beds of lignite and coal. In 
the prairies these deposits are neatly horizontal ; but in the Hocky 
Mountains they have been included in the folds of the older rocks so as 
to form narrow troughs with high dips. Coincidently with these disturb- 
.«nces the coal is changed into anthracite. 

On the west coast, in Vancouver Island, the cretaceous rocks constitute 
the coal-bearing horizon of British Columbia. They have been folded 
and disturbed in the movements in progress in Tertiary times, and have 
no doubt been much reduced by deuudation. 

" Their most important area, including the coal-mining regions of 
Uaniamo and Comox, may be described as forming a narrow trough along 
the north-east border of Vancouver Island, 130 miles in length. The 
locks are sandstones, conglomerates and shales. They hold abundance of 
IosmI plants and marine shells in some places, and in appearance and 
degree of induration much resemble the true Carboniferous rocks of some 
parts of Eastern America. In the Naiiiamo area the formation has been 
divided by Mr. J. Kiclmrdson as follows, in descending order : — 
Sandatones, conglomerates and shales. . . 3290 feet. 

ahales. 660 " 

Productive Coal-mea>ure« ISIG ' ' 
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,.'il " In the Queen Charlotte Islands, Cretaceous rocks cover a conside] 
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>}; workable bed could be proved, a matter of great economic important 
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area on the east coast, near Cumshewa and Skidegate Inlets. 
Skidegate they hold true anthracite coal, which, besides beii 
circumstance of considerable geological interest, would become, if a r 



: , ■ i the Pacific coast. 

L'jj At Skidegate, where these rocks are most typically developed, 

admit of subdivision as follows, the order being, as before, descendin< 

A. Upper shales and sandstones 1500 feet. 

■ :■» 

B. Coarse conglomerates 2000 ** 

C. Lower shales with coal and clay ironstone. . . . 5000 " 

D. Agglomerates 3500 " 

E. Lower sandstones 1000 *^ 

13,000 " 
• 

- . . ■ The animal fossils of the lower part of the Nanaimo beds have 1 

■ determined by Whiteaves as equivalent to those of the Chico grou 

California, or to the Cenoraanian and Senonian of Europe. In the Qi 

■ ' ..if Charlotte Islands and on the mainland are beds containing Aiicella PiOi 
-.. Jf and regarded as equivalent to the Shasta group of California, or U; 

Neocomian. In the Rocky Mountains are still older beds, the Koot 
1 [ series, holding fossil plants. These would probably occur below 

V . . .; Dakota group of the section given above. 

V • The fossil plants of the Xeocomian, as represented by the Koot 

series and the Queen Charlotte Island coal series, have a strictly mesc 
■i ". aspect, and consist of Conifers, Cycads and Ferns. But in the Da! 

group and equivalent beds in Canada, we find numerous genera 
species of Exogenous trees, as Populus, Sassafras^ Plaianus, Aralia 
Betula. In the Upper Cretaceous of Vancouver Island there is a ' 
rich angiospermous flora, with Conifers of the genus Sequoia and a 
palm (Sahal). Thus the modern types of plants appear in the Mi( 
V'-^ and Upper Cretaceous, and then appear also the ordinary or tel 

fishes, which in this age take the place of the ganoids, and present ger 
forms identical with those of the modern waters. 

The useful minerals of the Cretaceous are the coals already refe 
to, and which are of the greatest economic importance in Yancoi 
Island, in the Rocky Mountains and in the Bow and Belly E 
Districts. 




Fig. 146.— Eainozoic M&muals. 

—Ciir!iphodonhajaatut{'EiK6ae)redaced. 2. Zeuglodoneetioidtt— tooth iEocene) 
rednced. 3. Dlnocenu mirabila (Eocene) reduced, 
this group, which is very oxtenaively distributed in the region between 
the Red River and the Rocky Mountains and thence southward. In 
England the typical formations are the London clay and Thanet sands, 
holding marine and eatuarine shells and fossil fruits and wood. The 
"Argile Plastique and Sable Bracheux represent it in the Paris basin. In 
these beds, in Europe, the oldest known placental mammals occur. 
{Hyracotherium, Lophiodon, Conjphodon). Marine iuTertebratea of living 
I 'Bpecies also appear, though aa yet in small numbers, about tliree per cent. 
of the whole. 
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2. Middle Eocene, oi EoMne proper ( Nummtilitie). Xot as yet recog- 
nized in Canada. In the United States this series is lepresented by the 
clnys, murlB, sanda and coarse liniestonea of the Claiborne series of 
Alabama, holding marine slielU and bones of Zeugtoiion. In the west 
the great lake basins of the Wahstacli have afforded remains of maiijr 
land animals (Coryphii'loii, Tillodonlia, Eohipput, &a). In Europe the 
most characteristic and wide-spread formations are the Calcaire Grossier 
of the Paris li.isiii and its asaociated marine sands, and the Xiimmulitic 
limestones extending from Western Europe to India, and markiii" a 
great Bubsidcnce. In England the Brackleaham and Alum Bay series are 
of this age. 




3. Upper Eocene (Proicetie). Not recognized in Canada. In the 
United States represented by the marine clays and Orhitoidal limestone 
of Alubaraa, Mississippi, &c. {Vicksburg group), and in the west by fresh- 
water clays and sands (Bridger group, &c.), containing DinoceraSf 
Uintatherium, Orohippus, &c. In Europe the best known representative 
is the Gypseous series and Silicious Limestone of the Paris Basin, and 
the upper beds of the Isle of Wight series in England. These formations 
abound in mammalian remains ( Anchitherium, PalcBotherium, Anaplo- 
iherium, Xyphodon, LemuridceJ. 

A veij equable and warm climate seems to have prevailed in the 
Eocene and Miocene, so that plants of genera now Jiving in temperate 
climates were abundant in Greenland and Spitsbergen, 
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The Laramie of the North- West Territories rests conformably on the 
Upper Cretaceous and haa thick beds at lignite and many foasil plants, 
■witb fresh-water shells of the genera [/m'o, Ooniobasis and Vivipara. 
Its general distribution and atnicture may he stated as follows : — 

On the geological map of Canada, the Laramie series, formerly known 
as the Lignitic or Lignite Tertiary, occurs, with the exception of a few 
outliers, in two large areas west of the 100th meridian, and separated from 
each other by a tract of older Cretaceous rocka, over wliich the Laramie 
beds may have extpnded, before the later denuUntion of the region. 

The most eastern of these areas, that of the Souria River and Wood 
Mountain, extends for aome diatance along the United States boundary, 
between the 102nd and 109th meridians, and reachea northward to about 
thirty miles aouth of the " elbow " of the South Saakatchewan River, 
which ia on the parallel of 51° north. In this area, the lowest beds of 
the Laramie are seen to rest on those of the Fox HiU group of the Upper 
Cretaceous, and at one point on the west thoy are overlaid by beds of 
filiocene Tertiary age, observed by Mr. McConnell, of the Geological 
Survey, in tlie Cypress Hills, and referred by Cope, on the evidence of 
mammalian remains, to the White Eiver division of the United States 
geologists, which ia regarded by them as Ijower Miocene.* The age of 
the Laramie beds is thus stratigraphically determined to be between the 
Tox Hill Cretaceous and the Lower Miocene. Tiiey are also undoubt- 
edly continuous with the Fort Union group of the United States 
geologists on the other side of the international boundary, and they con- 
tain similar fossil plants. They are divisible into two groups — a loiver, 
mostly argillaceous, and to which the name of " Bad Lands beds " may be 
given from the " bad lands " of Wood Mountain where they are well 
exposed, and an upper, partly arenaceous member, which may be named 
the Souris River or Porcupine Creek division. In the lower division are 
found reptilian remaina of Upper Cretaceous type, with some fish remains 
more nearly akin to those of the Eocene. + Neither division has as yet 
afforded mammalian remains. 

The western area is of still lai^er diraenaions, and extends along the 
eastern base of the Rocky Mountains from the United States boundary 
to about the 55th parallel of latitude, and stretches eastward to the 111th 
Meridian. In this area and more especially in its southern part, the 
officers of the Geological Survey of Canada have recognized three divisions 
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as follows : — (1) Thf; Lower Laramie or St. Mary River aeries, correepond- 
ing in its character and fossils to the Lower or Bad Lands division of the 
other area. (3) A Middle division, the Willow Creek beds, consisting ot 
clays, mostly reddish, and not recognireJ in the other area. (3) "Die 
Upper Lammie or Porcupine Hills division, corresponding in fossils and 
to some extent in mineral character to the Souris River beds of the 
eastern area, 

The most characteristic plant remains of the Upper and Lower 
Laramie respectively are the following ; — Plalanue nobilia, P. Raynoldtii, 
&C. ; Gorylia McQiiarrii, Popultta Arctiea, and other species, and species of 
Salix, Ultnutt Sagga/ras, Viburnum, &c. ; also Thuja interrupta, Sequoia 
NordeiiMh-ioldi, Taxilev Olriki, &c., and the ferns Onodea »eTtsibiUs axA 
Davallia tenui/olia* 

Very thick and valuable beds of Lignite occur in the Laramie series of 
the North-western Territories. 

IL Miocene Aqe. ^M 

1. Lower Miocene or Olifjoeene. The Fort Union Group, or Upper 
Laramie, near the Canadian boundary in the U. States, once reganled aa 
Miocene, is now known to he older, and indeed many groups of beds 
holding plants of Eocene age in Europe and North America, as well as in 
Greenland, have been wrongly referred to the Miocene. 

So far as known this group is very slenderly represented in Canada. 
A small area occurs in the Cypress Hills in the Territory of Assinaboia, 
It consists of conglomerate, soft sandstone and clay ; and has afforded 
some mammalian remains, considered as belonging to the White River 
series or Lower Miocene of the United States. The Miocene may also 
be represented by the volcanic rocks, sandstones and shales with lignite 
and fossil plants of Nicola, Similkameen, &c., in the interior of British 
Columbia. In America the subdivisions of the Miocene have not been 
distinctly separated, but the age is represented by the New Jersey, 
Virginia, &c., middle Tertiary sands, clays, marls and infusorial deposits ; 
and in the West by the Middle Tertiary lake basins of White River, &c., 
east of the Rocky Mountains. In the latter, tliree subdivisions are char- 
acterized by Marsh as respectively those of the Brontothertuin, Oreodon 
and Miohippue. The Miocene beds hold a larger percentage of recent 
shells than the Eocene (IT to 30 per cent.), and abound in mammalian 
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remains ( Brontotherium, Titanotherium, Oreodon, Machairodus, &c,) 
In England — Hempstead beds of I. of Wight, Bembridge and Headon 
beds. In France — Calcaire de Beauce and Sables de Fontainebleau, with 
equivalent deposits in Germany, Italy, &c. The basalts of Antrim and 
the Hebrides are, in part, of this age. Living genera of mammals, as 
MhtnoceroSf Tapirus^ Mustela, Sciunts^ &c., appear. 

2. Middle Miocene, Falunien of France, Middle or marine Molasse 
sandstone of Switzerland. Genera Mastodon, Dinothsrium, Sue, Antilope, 
Cermis, Felts, Dryopifheciis, ^c, 

3. Upper Miocene, In Europe, Molasse of Oeningen in Switzerland, 
L^beron and Epplesheim beds of France, Pikermi formation in Greece. 
Additional modern genera of mammals, as Camelopardalis, Gazella, 
Hyaena and Hystrix appear. 






Fig. 148. — Series of Equine Feet. — After Marsh, a, Orohipput, Eocene. 6, Miohippus, 
Miocene. c, Protohippus^ Lower Pliocene, d, Pliohippus, Tipper 
Pliocene, e, Equutt Post-Pliocene and Modem. 




Fig. 149.—Oreodon Two/or (Miocene) reduced. 



III. Pliocene Age. 

1. Older Pliocene, Not recognized in Canada. In the United States, 
Sumter clays and sands of North and South Carolina. In the West, 
Loup Kiver group of Niobrara, containing remains of Camel, Rhinoceros, 
Horse, &c. Sandstones of Los Angeles, California, and fresh-water basins 
of Oregon. The remarkable phosphatic deposits of South Carolina, which 
contain vast numbers of bones of animals of various ages swept together 
by water, have been referred to this age. In England, Coralline Crag and 
Red Crag. 
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2. Newer Pliocene. Sot recognized in Canada, Dor distinguished in 
the United States from the oider Pliocene. In England, Norwich Ctag 
and ChilleBford clay. 

In the Pliocene, the percentage of recent shells rises to 50 or more. 
Mammalia of modem genera are abundant, and a few modem specicB 
appear. In the later Pliocene the land both of Europe aad Americn 
aeema to have been more elevated and extensive than at present {First 
Continental period of Lyell). The climate of the Northern Hemisphere 
was cooler than in the Miocene. 

The Pliocene, having been in the main a time of continental elevation, 
the deposits of this age are usually confined to the maigina of the 
continents, or occur ia inland lake basins. There ia evidence that in this 
age the Northern Hemisphere was occupied by a very grand and varied 
mammalian fauna, including several species of Maslodon, Eleplias ani 
Rhinoceros, as well as animals allied to the Camel, Horse and other 
modern genera. 

IV. Pleistocene Aok. 

This was 3 t 1 tl roughout the Northern Hemisphere by a great 
refrigeratio f Imt f Itowedor a compani d by bm e nee of the 
land to a d ptl d g soni pi 5000 ft Th f rmations of 

the period wllpretd Cd i b tak n us types, 

more especially asfmth g t tt I fmtj they are free 
from some of the compl t h h h d t j elsewhere. 

1. Boulder Clay At th b g f th PI t tl e land was 

higher ttian at present. At this time the mountain tops were extensively 
occupied with glaciers, which have left their 'traces in all the elevated 
ground, Very deep valleys and ravines were also excavated by the rivers. 
Beds of peat were accumulated, and gravels and sands in low grounds, in 
lake basins and on coasts. Gradual subsidence then set in, under which 
the valleys were invaded by cold Arctic currents laden with field ice and 
bei^s, while the high levels still sent down glaciers. Under these circum- 
stances moraines were formed on the land, and sheets of stony clay with 
boulders in the sea, forming what has been termed the boulder clay or 
" Till," and extensively polishing and striating the surface of rocks. 

In the deposits of this period Arctic shells arc found, though not 
abundantly, and also trunks of boreal coniferous trees. At the beginning 
of the age, however, there «'ere m Europe and America forests of temper- 
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I ftte and boreal type, and a great number of mamniala, some extinct, some 
} still Burviving, and presenting a remarkable mixture of boreal and temper- 
I ate forms. Remains of these occur in peaty beds under the boulder 
I clay. Ey the progress of the glacial cold and subsidence, these animala 
e destroyed or compelled to migrate to tiie southward. 




Fig. 150.— Boolder (11 leet long) on glaciated eurface. Lake of the Woods. 

2, Leda Olaij, Erie Clay. This marks the greatest subsidence and the 
gradual emcigence of the land. It is a tine stratified clay, sometimes, 
however, with large boulders, and thus passing into boulder clay. It baa 
on the Atlantic slopes of America and Europe numerous marine fossils, 
eapeeially in its upper part ; and these arc mostly of species still inhabit- 
ing the North Atlantic and North Pacific Farther inland it contains 
some remains of plants and land animals. Tlie Leda clay is ei^uivalont 
to the Clyde beds and Uddevalla beds of Europe. There is reason to 
"believe that the great subsidence wliich closed in this period reached to 
2300 feet in the mountains of Wales, and to 4000 feet in those of North 
America. It was probably greatest toward the north. At the beginning 
of the deposit of Leda clay, the sheila indicate cold water covered with 
floating ice. Toward its close (Upper Leda clay or Uddevalla beds) the 
marine climate must have been little different from that now occurring in 
the same latitudes on the western side of the Atlantic. 

3. Saxicava Sand and Second Bouldet- Drift. This marks the re-eleva- 
tion which ended in a second continental period, wising the continenta to 
a greater elevation than at present The climate was still somewhat cold, 
and large boulders carried by floating ice abound in the Saxicava sand, 
hut are most abundant at its base. 
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Tlie followinfc may bo taken as a complete synof 
of Eastern CanaJa in aaceuiliiig order : — 
a. Peaty tfrrcsttial Burfsce anterior tu boulder clay. 




B of the PleistoMne 



Lower stratified grsrelu— (Syrtensian deposits of Matthew). 

Boulder clay and unatratified aanda with bouldera. Fauns, whi;n present, 

extremely Arctic. 
. Lnwer Leda Clay, with a limited number i>( highly Arctic ahells, miah aa ire ao* 

found ouly in perniiuietitly ice-lwlen eeae. 
Upper Leda clay and aand. or Uddevalla beds, holding many sub-Arctic or boreil 

nhelle Bimilat to thoee of the Labrador coaat at present. Thia in some plicei 

containi! remains of boreal plante and corresponds to what has been termed m 

the west " InterglaciaL" 
SaxicBva sand and gravel, either non-fonsiliferoun, or with a faw littoral shellsnl 

boreal or Acadian types. This uften contains travelled boulders and conatitntes 

an upper or newer Boulder deposit. 

I The Pleistocene deposits are sometimes called Quatemary ; but there 

I is no good ground for separating them from the Kainozoic or Tertiary. 

The term " Charaplain " deposits baa been applied to them in the Uaited 

Statea ; but the Lake Champlain beds ore those of a limited valley among 

mountains and are not typical or characteristic. 

Some writers include in the Pleistocene the next or post-glacial age; 

but it is more nearly connected in its physical conditions and its animal 

life with the modern period. 

Daw'kins catalogues, for thia period in Britain, 1 mammal surviving 

from the Pliocene and still living, 7 surviving from Pliocene and extinct, 

fi7 new species, of which 14, including elephants and other large and 

important species, are now extinct. 




Fig. 151. — Stratified Gravel reBtinff 



Fig. 152.- 





rig. iri3.— Plbistocekk Fossils, 

Enrhoaella paUtacea. 2. MylUm tdalu. 3. Saxicai-a j-vgosa, 4 Lerta 
'orUandia) arctica. a. TeUina (Uaeama) Grcenlandica 6 Tdlina 
iaxomn) alcarm. 7. Mya truncata. B. Atlarttl Nicanui} LauTtiUvina 
Natica claiua. 10. Fatui tornatai (Neptunea dapecta) H SeaJorio 
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The following description of tlie drift of the western plains is from 'i 
paper by Dr. G. M. Dawson ; — * 

"Refiting immediately on the surface of the cretaceous and Laramie 
rocks in a iiuniher of localitiea on the Bow, Belly, Old Man, and other 
rivers, ia a deposit of well-rolled pebbles of shingle, consisting, for the 
roost part, of hard qnartzitea, and derived entirely from the paleozoic 
rocks of the Kocky Mountains. These pebbles are seldom more than a 
few inches in diameter, and often very uniform in size. The deposit has 
been observed to extend to a distance of over a hundred miiea from the 
base of the mountains. Whether it has been carried from the mountains 
entirely by the action of rapid streams of pre^'lacial times, or has been 
distributed in some more extended body of water, I am as yet unprepared 
to decide ; but the fact that it occurs at very different elevations above 
the present water-level in neighboring sections on the same river, would 
appear to point to the latter conclusion. No marks of ice-action have 
been found on the atones of this deposit, which at one place on the Belly 
was observed to be associated with stratified sand beds. 

Resting upon the shtn<;le depiosit in some localities, but in other places 
directly on the Cretaceous and Laramie, is the Boulder-clay, a mass of 
sandy c'ay, often very hard, and not infrequently showing a pretty well 
marked relation in colors and material to the imderlying soft rocks, from 
which it has evidently been largely formed, but packed irregularly 
with boulders and fragments of Laurentian and Huronian origin, often 
distinctly glaciated, and with quartzite pebbles resembling those above 
described. While generally rather massive in character, the boulder-clay 
is frequently more or less evidently divided by stratification planes, and 
is quite distinct in appearance from the moraiuic accumulations wiiich 
occur in the foot-hill belt. 

The upper part of the bouldei'-clay ia usually much more diatincUy 
stratified than tiie lower, ami often more or less markedly lighter in color, 
though still holding numerous atones and boulders of mingled Laurentian 
and Rocky Mountain origin. In the region through which the lower 
part of the Belly River cuts, a scries of well-stratified sands and sandy 
clays are intercalated between these two divisions of the boulder-clay ; 
and in several sections these were observed to include an irregular layer 
of impure lignite or.jnduiated peat a few inches in thickness,, evidently 
the accumulation in a swamp or shallow lake which must have covered 



* Quart. Joum. Geol. Soo., Nov., 167S. Geology and 



ie49thpu^l^^ 



KADJOZOIC PERIOD. 



119 



many milcB of surface. A thin nodtilar ileposit of ironstone was also 
found in aaaociation with the lignite at one place." 

The Missouri Coteau is a great riilge of drift deposits at the edge ot 
the third or Tertiary plateau of the prairie, about iOO miles west of 
the Lanreiitian area, from which it is separated by the palieozoic district 
■of Manitoba and hy the first and second prairie plateaus. It is tlma 
described by Dr. G. M. Dawson : — 

" The Missouri Coteau is one of the moat important features of the 
western plains, and is certainly the most remarkable monument of the 
Glacial period now existing there. I have had the opportunity of 
examining more or less carefully that portion of it which crosses the 
forty-ninth parallel, north- west ward for a length of about 100 miles. On 
the parallel, the breadth of the Coteau, measured at right angles to its 
course, is about 30 miles ; and it widens somewhat northward. 

On approaciiing its base, which is always well defined at a distance, a 
gradual ascent is made, amounting in a distance of 35 miles to over 160 
feet The surface at the same time hecomos more markedly undulating, 
as on nearing Turtle Mountain from the east, till, almost before one is 
aware of the change, the trail is winding. among a confusion of abruptly 
rounded and tumultuous hills. Tliey consist entirely of drift material ; 
and many of them seem to be formed almost altogether of boulders and 
gravel, the finer matter having been to a great extent washed down into 
the hollows and hasin-like valleys witho\it outlets with which this district 
abounds. The ridges and valleys have in general no very determined 
direction ; but a slight tendency to arrangement in north-and-south lines 
was observable in some places. 

The boulders and gravel of the Coteau are chiefly of Laurentian origin, 
with, however, a good deal of the usual white limestone and a slight 
Admixture of the quartzite drift. The whole of the Coteau-helt is char- 
acterized by the absence of drainage valleys ; and in consequence its pools 
and lakes are often charged with salts, of which sulphates of soda and 
magnesia are the most abundant. The saline lakes frequently dry up 
completely towards the end of the summer, and present wide expanses of 
white efflorescent crystals, which contrast in colour with tiie crimson 
Saticoniia with which they are often fringed. 

Taking the diHerence of level between the last Tertiary rtcks seen near 
the eastern base of the Coteau, and those first found on its western side, 
s distance of about 70 miles, we find a rise of 600 feet. The slope of the 
flurface of the underlying rocks is, therefore, assuming it to be uniform, 
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a little less than 100 feet per mile. On and against this gently incHoed 
plane the immeDse drift deposits of the Coteau hilla are piled. 

The average elevation of the Coteau above the sea, near the 49th 
parallel, is about 2000 feet ; and few of the hilla rise more than 100 feet 
above the general leveL" 

The Missouri Coteau can be traced across the central region of Xorth ■ 
America for 800 niilea, and is believed by the geologists of the United 
States to be traceable south of the great lakes to the Atlantic coast, and 
to constitute what they regard as the moraine of a great confluent glacier. 
In the North-west however, where it attains to its maximum development, 
it is evidently the edge of a shoal or coast, on which floating ice has for a 
long period discharged its burden of boulders and debris. 



V. Modern Age. 

This extends from the close of the glacial or Pleistocene age to the 
present time, and ia divisible iuto two well-marked periods. 

1. The Post-Glacial. (Second Continental Period of Lyell.) lu this 
the land of the Northern Hemisphere was more extensive than at present 
The climate was temperate but somewhat extreme. All the modem 
mammals, including man, seem to have been in existence, but several 
others now extinct, as the Mammoth, the Tichorhine Khiuoceros and the 
Cave Bear, lived in the Northern Hemisphere, and many still extant 
differed very remarkably in Iheir geographical distribution from that of I 
the present time. To tliis perioil belong the human remains of the earlf ] 
cave deposits and river gravels of Europe, or of the " Mammoth age" 
(Palffiocosmic or PaliBolithic age.) This period was terminated by a sub- 
mergence or a series of submergences which with their accompanying 
physical changes proved fatal to many species of animals and to the old- 
est races of men, and left the coulini-nls ut a lower level than at present 
from which they have risen in the recent peiioJ. In Britain, Kawkins 
catalogues 22 living and 6 extinct species survivors of the Pleistocene in 
this period, and 18 iiew forms still living. The 6 extinct species include 
2 species of elephant, 2 of rhinoceros, the cave bear and the great Irish 
elk. It is evident therefore that man comes in with a fauna in the main 
modern, but including a few lai^e and important species which have 
perished since hia advent, and many others which have much changed 
their range. 
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2 The Recent or Historic Period. Tbis dates from the settlement of 
t continents at the present levels after the Foat-glacinl subsidence. It) 
s the period of Neocosmic or Neolithic men of races still ustant I have 
called tliia the Historic Period, because in some regions history and 




tradition extend back to its beginning. The historical deluge is in all 
likelihood identical with the movements of the land above referred to, 
by which tbis age was inaugurated ; though in certain localities, as in 
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America, the beginning of tb« historic period is tct; 
recent In this sge man coexists wholly with ezisUng 
species of mammals, and the races of men are the emt 
vhich still survive. The whole forms geologically one 
period, and the distinctions made by antiqaarisns 
between stone, bronze and iron ages, aud luder the 
former between polnolithic and neolithic, are menlj 
of local significance, and connected with no phyeial 
or vital changes of geological importance. The letl 
geological distinction is that of Palieocoemic, Post- 
glacial or Antediluvian man on the one hand and 
Neocosmic, Eeceut or Fost<liIuvian man on the other. 
The Falieocosmic men have been divided into two 
. races, the Canstadt or Neanderthal type and the EngiB 
or Cro-magnon type. Both of these were contempora- 
neous with the Mammoth, the tichorbine Rbinoceroa, 
and other Postrglacial animals now extinct. It is 
probable that they may be ultimately identified with 
the ruder tribes of the historical antediluvian period, 
and that the physical changes by which they and some 
other animals seem to have been destroyed were the 
same with those recorded in the ancient history and 
tradition of all the older races of men. 

Slight changes of level have occurred in the con- 
tinents in the modem period. In Canada the most 
interesting evidence of these exists in the remains of 
I foreata in tlieBayof Fundy.* (Fig. 155.) 



• See Acadiiui Geology, p. 3 



PART III. CANADIAN TOPOGRAPHY 

AND GEOLOGY. 



The Dominion of Canada consists of a belt of more or less inhabited 
country extending for about three thousand miles across the continent of 
North America, between the parallels of 42" and 55" North Latitude, 
together with a vast region to the north of this belt not colonized and 
extending to the shores of the Arctic sea. Its most eastern part is 
Scatari Island, in W. Longitude 60" 25', and its most western part, 
Graham Island, in the Queen Charlotte group, extending to W. Longitude 
133°. Its total area is estimated at 3,406,562 square miles. Its area is 
thus rather less than that of Europe and somewhat greater than that of 
the United States, and it embraces representatives of nearly all the geo- 
logical systems from the Laurentian to the Modern. 

For the purposes of Geological description, Canada and Newfoundland 
may be divided into six regions, as follows : — 

1. The Acadian Region^ comprehending the Atlantic Provinces of 
Nova Scotia, New Brunswick and Prince Edward Island. These con- 
stitute a part of the Atlantic Slope of North America. 

2. llie Canadian Region proper, or that of Quebec and Ontario, includ- 
ing the two Provinces above named. These occupy the St. Lawrence and 
Ottawa valleys and their vicinity, and a portion of the basin of the great 
lakes, and belong to the Eastern and Northern part of the continental 
plateau of North America. 

3. The Manitohan and Northwest Region may include the Province of 
^Manitoba and the great plains extending westward to the Kocky 
Mountains, and including the territories of Assiniboia, Saskatchewan, 
Alberta and Athabasca. 

4. The British Columbian Region, being the Province of British 
'Columbia, extending across the Rocky Mountains and Cordillera ranges, 
with the Pacific coast and the islands adjacent. 
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5. The Hudgomati or Arctic Region, inciuding all the yoet territories 
stretching northward to tlie Ai-ctic eea, and heretofore constituting the 
territory of the Hudaon's Bay Company. This constitutes a portion of 
the Arctic Geological hasin. 

6, The Terranovan Region, or the great island of Newfoundland, 
which is geologically related on the one hand to the Acadian region anil 
on the other to the Canadian. 

It will be convenient to consider these several regions separately. 

I. THE ACADIAN KEGION.* 
The general orograpliic features of this region consist of (1) the broken 
hilly ranges of Nova Scotia, extending along the Atlantic coast of tint 
Province and into the Island of Cape Btetou ; (3) the isolated ridge of 
the Cobeqiiid hills, extending from west to east and joining the foimei 
eastwardly ; (3) the hilly range of Southern New Brniiawick, atrelching 
along the coast and sending oiF a wide branch to the North-east ; (4) liie 
high ranges e.\ti.'nding along tlie south side uf the St. Lawrence, and 
separating the Acadian Region from the Canadian proper. This con- 
stitutes a northern extension of the Apalachian mountains, sinking how- 
ever in Gusp6 below the waters of the Gulf of St, Lawrence. The high- 
lands of Nova Scotia and New Brunswick do not attain a greater elevation 
than abctit 1600 feet, but the northern ridge attains a much greater height 
beyond the limits of New Brunswick. Between these hilly districts are 
included the Silurian and Devonian area of Northern New Brunswick, 
the large triangular Carboniferous area in the centre of that Province, 
the Carboniferous and Tiiassic districts of Nova Scotia, and the depression 
occupied by the Bay of Fundy and its branches. 

Tiie first and fouith of the mnges above mentioned extend farther to 
the North-east than the others, and include between their oxtreDiities the 
serai-circular Acaciian Bay of the Gulf of St. Lawrence in which lies the 
low and crescent-shaped Island of Prince Edward. 

The whole of this Acadian region is charucterized, like other parts ol 
the Atlantic slope of North America, as distinguished from its interior 
plains, by a varied and uneven surface, and by great variety of soil and 

• As Cftiiadian Geology was referred to for illUBtrntivo exuaiples in Part II. ths 
aiatsmeati made there and figures, etc. oF fiisgilB Riven will not be repeated in Put 
III., except when absolutely neceaaary for the cnnnection. For the Acadian Region 
additional details will be found in tbe latest edition uE the author's " Acadian Geology," 
Bnd in recent Reports of the Geological Survey. 
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mineral prod acts. In the latter, the Acadian Provinces are especially 
rich ; and in these and their maritime situation, they hear to the inland 
regicms of Canada much the same relation with that which the British 
Islands bear to the plains of Central Europe. Nova Scotia, more 
particularly, is most richly endowed with coal, iron, and gold. 

The formations represented in the Acadian Region arc those from the 
X^urentian to the Trias, inclusive, with the addition of the Pleistocene 
deposits. The development of the older rocks corresponds very closely 
with that on the opposite side of the Atlantic, and differs materially from 
that in the interior plateau of America. We may therefore notice the 
several systems of formations in detail, and shall be enabled to point out 
their resemblances and differences as compared with those of the Canadian 
region, proper, next to be considered. 

1. The Laurentian. — These rocks, as they occur near St. John, New 
Brunswick, have been arranged by Messrs. Bailey and Matthew, in their 
recent Reports, in a Lower and Upper series.* 

The former consists, in ascending order, of gray, red and gray, and dark- 
gray gneiss, with chloritic gneiss and diorite. The latter consists of lime- 
stone, with graphite and serpentine, gray quartzites and diorite, gray slates 
and limestones with diorite. In one of the Upper Limestones I have 
recognized somewhat obscure structures, which appear to indicate the 
presence of fragments of Eozoon.f 

In Cape Breton the gneisses of St. Anne's Mountain resemble the 
Lower Laurentian of Canada, and the evidence that they may be of this 
age has been much strengthened by the recent observations of Mr. 
Fletcher. Specimens, and the observations of Mr. Brown and Mr. 
Campbell and others, induce me also to believe that in the little island of 
St. Paul, and in some parts of Northern Cape Breton, we may have a 
continuation of the rocks referred by Mr. Murray to the Laurentian in 
Newfoundland. With these exceptions, I have not seen in Nova Scotia, 
unless in travelled boulders, any rock that I could believe to be litlio- 
logically equivalent to the Laurentian of Canada, nor have I found any 
stratigraphical evidence of the occurrence of such rocks. 

2. The Huronian, — The Coldbrook series of Messrs Bailey and 
Matthew, rising from beneath the Cambrian fossiliferous slates, has been 
referred to this age. 

* Geol. Reports, 1871, etc. 

t Proceedings American Association, 1876. 
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It appears from Reports of Builey and Matthew that the C 
Uuruuian series rests unconfnrmably on the Laurentian, and tl 
of the latter are included in its conglomerates. On the other hand, the 
Acadian or Cambrian beds lie 11 neon form ably on the Coldbrook series; 
There would appear to be indications of unconformity between the upper 
and lower members of the Huronian itself. It thus appears as a. distinct 
formation, or group of formations, between the Laurentian and Acadian 
groups, and connected with neither. The study of a series of typical 
specimens, kindly furnished by Mr. Matthew of St. John and Mr. 
Murray, director of tlie Geological Survey of Newfoundland, enables me 
to afflrm a remarkable similarity in mineral character between the locka 
described as Huronian in these two regions, while their relations to the 
Laurentian below and Cambrian above are the same. The peculiar fossils, 
however, Aspidella and Arenicolites, allied to A. epiralie, discovered by 
Murray in the Upper Huronian of Newfoundland and described by 
Billings, have not yet been recognized in New Brunswick. 

The Huronian system, while consisting largely of conglomerates, hard 
elates and quartzitee, is remarkable for the abundance in it of felsite^i 
felsitio breccias, porphyry, diorite, and other crystalline or cryptocryatal- 
line rocks, which, though stratified, are evidently of volcanic origin, and 
if such rocks are to bo considered as everywhere of this age, the classifica- 
tion of the older rocks of Acadia would be greatly simplified. It is 
evident, however, that we must separate some of these as probably of 
later age. There seems good reason to class as Huronian, or at least as 
Lower Cambrian, the rocks of the Boisdale Hills in Cape Breton, which 
Mr. Fletcher tinds to underlie the fossil if cro us Cambrian of that region, 
and which are more quartzose and micaeeous than the rocks of the 
Cobequid series. It is not impossible that rocks of this age may also 
occur in tJie vicinity of the Cambrian beds found at Mirfi. We may also 
conjecturalty class as Huronian the chloritic rocks of Yarmouth, N.S. 

3, The Cambrian. — Under this bead we may place the intei'esting 
" Acadian series " of St. John, so well characterized by its fauna, that it 
maybe considered as the typical representative in Eastern America of 
that Middle or Lower Cambrian formation known in England as th» 
Meneviun, and of Barrande's ^tage C of the Primordial in Bohemia. 

Matthew has recently greatly extended our knowledge of these beds 
and has shewn that they include several subdivisionsof the Lower 
Cambrian. These subdivisions arc given by him in a recent paper and 
may, with slight modification, be arranged as follows, in ascending 0|d^^ 
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1. Lower Cambrian, — Basal or Etcheminian series of St John, Lower 
Cambrian of Cape Breton and Newfoundland ; Georgian series, Vermont ; 
Caerfai of Wales, and Fucoid and Eophyton sandstones in Sweden. 

Fossils. — Oboltu pulcher. Worm burrows, EUiptocephaluSy Olenellus, &c * 

2. Middle Cambrian. — Acadian or St. John series of New Brunswick, 

Paradoxides beds of Newfoundland, Massachusetts and Sweden ; Solva, 

Menevian and probably Lower Lingula Flag beds of Wales. 

Fossils. — Paradoxides, Conocoryphe, Ptychoparia, and many other Trilobites, 
Hyolithus, Stenotheca, Orthis, Lingulella, EocystUea, &a This division holds the richest 
Cambrian fauna. 

3. Upper Cambrian. — Not yet recognized in New Brunswick, but may 
be represented by some beds overlying the last. Potsdam sandstone and 
Calciferous of Quebec, Upper Lingula ? and Tremadoc of Wales ; 
Ceratopyge and Dictyonema beds in Sweden. 

Fossils. — DikellocephaluSf Ceratapyge, Scolithus, Dictyonema sociale, &c. 

In the St. Lawrence valley the Upper Calciferous constitutes a 
transition gi'oup to the Siluro-Cambrian. — (See the description of that 
region.) 

The great Atlantic coast series of Nova Scotia, which is the auriferous 
formation of that province, and includes, in ascending order, the so-called 
Quartzite and Clay-slate formations, in which these rocks respectively 
predominate, I believe to be likewise Cambrian or Primordial, a view 
which Dr. Selwyn and Professor Hind have also advocated. It is pro- 
bably an equivalent of the Basal Cambrian of New Brunswick and of 
the older slate series of Newfoundland. 

The evidence of fossils in determining the precise age of these rocks 
is unfortunately as yet somewhat imperfect. Dr. Selwyn has recognised 
in the Slate formation at Lunenburg linear markings of the nature of 
those which in Sweden have been named Eophytonf and have been 
described as land plants. They are, however, of very doubtful origin, 
and in my judgment more akin to those trails of aquatic animals which I 
have named Rhabdichnites, These beds also contain rounded bodies with 
radiating branches known as AstropoUthon, (Fig . 156.) 

* Matthew includes the Paradoxides beds in the lower member, 
t Report of Geological Survey, 1870. 




Fig. 166.—A>f',ix.lilli.n, Hiidi. Waverly, Xova Scotia. ^H 

The only other foseila known to me are specimens resembling the 
tnbe» or perforations named Se'iUthui, and very characteristic of the 
Pot§dam aauilstone in Canada. These I found near the mouth of SL 
Mary's River, in loose blocks, which must have been derived from a 
neighbouring ledge of qiiartdte. In so far as the above fossils give any 
indication of age, they serve to confirm the supposition that the Gold 
Kries of the Atlantic coast is to be referred to the Lower Cambrian. 

Professor Hind has given a good description of the characters and 
atmcture of the more important parts of the Oold series in his Reports 
to the iJEpartment of Mines in Nova Suotia.+ He states the entire 




Fig. 16T. — Vein at Auriteroua C^uiirti, o, confdrmablB to beddiog. Wavorly. 
thickness of the sories at 12000 feet. Of tliis the Lower or Quartzite 
and Slate division, which includes in its middle and upper jiart the pro- 
ductive gold veins, comprises about 9000 feet, and the Upper or 
Femiginous Slate division 3000 feet. The whole is thrown into a series 
of somewhat sharp nnticlinals, which, as might be expected, are rancli 
faulted. The steepest sides of the atitichnals are usually to the north, 

+ Report on Waverly District, 18fi9 ; Sherbrooke, 1S70 ; Mount Uniacke, Oldhsm 
and Renfrew, 1872. (See nUo later papers bj' Mr. P<,ole an i Mr. Gilpin.) 
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though ill some cnses, as at Sberbrooke, to tlie aoutli. Tbe courses of 
these anticlioAlH are approximately east and west. The gold has bees 
found to be moat accessible in the sides Rnd near tbe summits of the 
anticlinals, while in tbe synclinals the upper unproductive slates usually 
appear. It is also to be observed that the productive gold veins are best 
developed in the vicinity of the great mosses of eruptive granite ot 
X)evonian age which traverse this formation, and in connection with 
which it has locally been much niotamoiphosed, the slates assuming the 
character of Mica Schists with Staurohte and ChinstoHte. 

The gold veins, as stated in " Acadian Geology," run for the most part 
parallel to the bedding, but cross courses and branches traversing the beds 
are very frequent, and there is no ])roof that these are less ancient than 
the conformable e ns or leals Tl ougl occur ng u the Quartzite 
div s n the aur ferous \e ns s lalU folio v ba Is of slnty rock nclu led 
in the quartnte a c r nsta e 1 ch i n I favours tl e [ r ht hie 
work ng 




Intrusive granites occupy a considerable space in tbe Cambrian area. 
■A map kindly communicated to me by Mr. Gilpin, F.G.S., shows that the 
largest granite mass extends continuously and with great breadth, from 
Shelbume northward into Annapolis county, and there bends eastward, 
and southward till it reaches the Atlantic, west of Halifax. Smaller 
isolated areas occur to the eaatwanl of Halifax and in Guysboro county. 
All these granites are of Devonian age, and they alter the slates in their 
vicinity into Mica Schists, and cause the deTelopraent of Stnurolite, 
Chiastolite and Garnets; while the impure quartzites are converted into 
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imperfect gneisses. These changes are more manifest where numerous 
veins of binary granite penetrate the beds than where the latter are 
merely in contact with massive granite. 

Mr. Fletcher, of the Geological Survey, has discovered, in certain beds 
near St. Andrew's Channel, Cape Breton, fossils which probably belong 
to the Cambrian series, and are apparently newer than the Acadian or 
Menevian group. They consist, according to Mr. Billings, of an OboleUay 
OrtJiisina, and Dictyonema, and a trilobite of Primordial type ; and the 
beds holding the Lingula or Oholella are very like the Lingula shales of 
St. John. The series is characterized as consisting of a purple, red, and 
green slate, sandstones and limestones, with beds of felsite. • It thus 
differs in character from the Acadian group, as developed at St. John, and 
also from the Cambrian of the Atlantic coast of Nova Scotia. It rests 
on the crystalline rocks of the Boisdale Hills. 

Mr. Fletcher has also procured fossils from the vicinity of Mir6 River, 
where beds similar to those of St. Andrew's Channel are extensively 
developed, and which include an Agnostus and other trilobites of 
primordial type, but specifically distinct from those of the Acadian group; 
and also a small Orthis, apparently allied to 0. Evadne, Billings, from 
the Quebec group, or to 0, lenticularisy Dalman of the British Upper 
Lingula flags. These fossils I regard as indicating a position probably 
Cambrian, but later than that of the Acadian beds of St. John. The 
beds containing these fossils are associated with the volcanic ash series of 
Southern Cape Breton. Professor Bailey informs me that in the belt of 
old rocks, north of the central Coal-field in New Brunswick, there are 
portions, apparently older than the Silurian rocks of that region, and 
resembling the Nova Scotia coast series, like which they are auriferous. 

4. The Ordovician or Siluro-Gambrian. — In New Brunswick the band 
of old rocks lying on the north of the crystalline belt extending south- 
west from Bathurst, and composed of greenish felsites, quartzites, and 
slates of various kinds, is usually referred to this system. The evidence 
of this is, first, its appearance from under the Silurian beds in the same 
manner with the rocks of the Quebec group on the north ; and, secondly, 
the occurrence of a few characteristic fossils.* Lithologically these rocks 
may be regarded as corresponding somewhat closely with portions of the 
Quebec group, and also with the contemporaneous Skiddaw and Borrow- 
dale series in England. According to Messrs. Bailey and Matthew, similar 
rocks occur also in several places in the south-west of New Brunswick, 

* According to Prof. Bailey, TrinucUus, Harpes, Leptaena, and OboUUa, 
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and underlie the Silurian of that region. If this view of their age is 
correct, then it would follow that the mixed aqueous and volcanic 
deposits so characteristic of the Huronian recurred in the Siluro-Cambrian, 
and again in the deposition of the Silurian Mascarene series. 

Crossing over to Nova Scotia we have in the Cobequid Mountains a 
great series of slates, quartzites and volcanic rocks, evidently underlying 
the Silurian Wentworth series, but destitute of fossil remains. These, 
with their continuation in the district extending eastward from the 
Cobequids to the Strait of Canso and into Cape Breton, were characterized 
by me in 1850* as consisting of " various slates and quartzites, with 
syenite, greenstone, compact felspar, claystone and porphyry," and were 
named in "Acadian Geology " the " Cobequid group," and their age defined 
as intermediate between that of the lower Arisaig fossiliferous series and 
the Gold series (Cambrian) of the Atlantic coast. As they had afforded 
no fossils, and as there seemed to be a lithological and stratigraphical 
connection between them and the lower part of the Silurian, they were 
placed with that series as a downward extension, or, in part, metamor- 
phosed members of it. 

The arrangement of these rocks in the central part of the Cobequids, 
and also between the East River of Pictou and the east branch of the 
St. Mary's River, may be stated thus. There is a central mass of red 
intrusive syenite or syenitic granite, usually having a large predominance 
of red orthoclase, with a moderate quantity of hornblende and quartz. 
This sends veins into the overlj/ing beds, and is itself penetrated by dykes 
of diabase. On this central mass rests a great thickness of felsites, 
porphyries, felsitic agglomerates, and diorites, evidently of volcanic 
origin. Upon these are gray, black, and reddish slates and quartzites, 
with a bed of limestone, and penetrated by metallic veins. The lower 
volcanic portions and the upper more strictly aqueous parts might perhaps 
be separated as a Lower and upper Cobequid series ; but the difference 
appears to depend rather on mode of deposition than on any great differ- 
ence of age. 




Fig. 159. — General structure of the Cobequid Range, (a) Massive Syeuitic Granite. 
(b) Lower Cobequid Series, Felsite, Porphyry, Agglomerate, &c (c) 
Upper Cobec[uid Series ; Ferriferous Slates and Quartzite. (dj Went- 
worth Fossiliferous beds; Silurian, (ej Carboniferous, (f Triassia 
(xj Veins of Syenite and Diabase. 

* Journal of Geological Society, vol. vL 
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Along the northern side of the Cobequids, and between Pictou an 
Arisaig, these beds are seen immediately to underlie the Silurian rocks 
which have been disturbed with them, and are penetrated by the sam 
igneous dykes. Dr. Honeyman appears to have observed the same rela. 
tion on the Lochaber Lake and in other parts of Antigonish County. 
This somewhat constant association would seem so indicate that the rocks 
in question immediately underlie the Silurian, and are therefore them- 
selves of Siluro-Cambrian age. On the other hand, their similarity in 
mineral character with the Huronian series of New Brunswick, with 
rocks observed in Cape Breton to rise from under Cambrian deposits, and 
with the Huronian rocks of Murray in Newfoundland, might induce us 
to assign them to an earlier date. There are, however, some differences in 
mineral character ; as, for example, the greater prevalence of olive, black, 
and micaceous slates, and of highly felspathic rocks in the Cobequid 
series, which, while they ally this series with that of Northern New 
brunswick and of the Kingston peninsula, separate it from the typical 
Huronian. I am therefore inclined to believe that it will ultimately be 
found that there are three barren series of mixed volcanic and aqueous 
deposits in the Acadian Provinces, separated by fossiliferous deposits, 
viz., (1) the Huronian, over which lie the fossiliferous Cambrian 
(Acadian) beds ; (2) The Cobequid series, over which lie the fossiliferous 
Silurian ; (3) The Mascarene series, belonging to the Silurian. In some 
districts, as in Southern New Brunswick and Cape Breton, where these 
series, or some of them, approach closely to each other, and are much 
disturbed, it may be difficult to disentangle these deposits ; but I believe 
the distinction will be found to hold good, and will, no doubt, be 
facilitated by the discovery of additional fossiliferous beds. 

In the meantime, I have no doubt of the identity of the greater part 
of the altered and volcanic beds of the hilly country extending through 
Pictou and Antigonish counties, and underlying the Silurian, with the 
Cobequid series. Further, large suites of specimens placed in my hands 
by Albert J. Hill, Esq., leave no room to doubt the similarity of the 
greater part of the rocks in the district extending from St. Peter's to 
Scatari in Cape Breton to the Cobequid deposits ; though, as previously 
stated, there is reason to believe that older rocks occur both in this district 
and in Northern Cape Breton. 

If the above views are correct, it will follow that in the Lower Silurian 
period, the area of Nova Scotia and New Brunswick was the theatre of 
extensive and long continued volcanic ejections, producing a series of 
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rocks entively dissimilar from those deposited at the same period in the J 
inleiior oontiuputai region, though in some respects resembling those of ( 
Great Britain and those of the regions in Quebec and tlie United States 1 
lying east of the great Appalachian line of disturbance. 

5. The Silurian. — In the Acadian Provinces, as in some other parts of A 
Eastern America, the great igneous outbursts, evidenced by the n 
and dykes of granite which cut the Lower Devonian rocks, make a strong 
line of distinction between the later and. older PalfEozoic. While t 
Carboniferous series is unaltered, except very locally, and comparatively^ 
little disturbed, and confined to the lower levels, the Silurian, and alil 
older series, have been folded and disturbed and profoundly altered, and'V 
constitute the hilly and broken parts of the country, In the Silurian I 
and the older periods there seems also to have been a constant misturoJ 
■with the aqueous sediments in process of depoaition of both acidic and j 
basic volcanic matter, in the form of ashes and fragments, aa well as pro- 1 
bably outflows of both acidic and basic igneous rock, so that all these | 
older formations are characterised by the presence of felaite, porphyry, 
petroailicions breccia and diorite or diabase. Further, since these I 
volcanic and tufaceous rocks, owing to their composition, are much mora 1 
liable to lie rendered crystalline by metamoiphism than the ordinary J 
aqueous sediments from which the bases have been leached out by water, . ' 
and since they are usually not fossil ifero us, the appearance is pre 
of crystalline non-fossiliferous rocks alternating with others holding I 
abundant organic remains, and comparatively unaltered. The volcanic .1 
members of these series are also often very irregular in distribution, and J 
there is little to distinguish them from each other, even when their ages I 
inay be very diiferent. These circurast^iiiees opiwae many difficulties to I 
the classification of all the pre-Devonian rocks of Nova Scotia and New J 
Brunswick, difficulties as yet very imperfectly overcome. 

In Northern Neiv Brunswick, at the head of the Baia de Chaleur, and I 
more especially near Cape Eon Ami, there are Silurian limestones and \ 
shales rich in fossils, and resembling those on the Northern aide of the Bay, I 
at Gosp^ and elsewhere in the Quebec region. These str.ita ate associated j 
with great interstratified beds of dark-coloured dialMsic igneous rock. \ 
They are described in " Acadian Geology." 

Messrs. Bailey and Matthew have devoted much time and labour to tlW'l 
rocks which crop out from under the Upper Devonian beds at Perry in^ 
Maine, and extend thence eastward into New Brunswick, where thejjJ 
I hsTO been named the " Mascarene series." I studied these beds in 1862, 1 
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as they occur at Pigeon Hill and elsewhere near Eastport, and referred 
them to the Ui)per Silurian period,* but the tracing of their extension 
in New Brunswick, and the full establishment of their age, belongs to 
the gentlemen above named, f 

These rocks are extensively developed in the south-western part of 
New Brunswick, and their thickness has been estimated at 2,000 feet. 
The following section, in ascending order, taken from the report of the 
Geological Survey for 1 875-6, shows the general structure of the forma- 
tion in Queen's County. — 

Division 1. Gray clay slates, mostly of pale colour and generally somewhat 
calcareous. D&rker gray clay slates, some of which are carbo- 
naceous, about 400 feet . 

Division 2. Black and dark -gray argillaceous or silicious clay slates, with 

very regular sedimentary bands, about 600 

Division 3. Dark-gray and greenish-gray earthy sandstones, the lower part 
compact, the upper part more slaty, greenish-gray, calcareous, 
or black and fissile, about 600 

Division 4. Ash-gray and greenish-gray schistose beds, generally chloritic • 

and calcareous, sometimes amygdaloidal and dioritic, about 300 

Division 5. Alternations of gray and dark-gray felsites (often porphyritic), 
with compact dark-gray feldspathic rock, clouded with green 
and purple, and with beds of dark and pale-green chloritic 
schist. There is a mass of felsite about 150 feet thick near the 
base, and a breccia conglomerate at the summit, about 800 feet or more. 

These rocks, with the same general structure, are widely distributed in 
Southern New Brunswick, but, as might be expected, they vary in detail, 
more especially in the upper members. They also present a general 
resemblance to the belt of Silurian rocks already referred to as extending 
towards Bathurst, and rocks of this type are known to occur in the 
Silurian districts of Nova Scotia. 

The fossils found in the lower members of this series near Eastport are 
a Lingiila allied to L. centrilineata of the Lower Helderberg, and also 
very near to some Hamilton species, and to that found in the Lower 
Devonian of Gasp6, though probably different from that occurring in the 
Silurian of Wentworth, Pictou, and Arisaig. There are also species of 
Modiomorpha, and a species of Loxonema, with a small Beyrichia of 
Silurian type. Elsewhere in New Brunswick these beds have afforded 
species of StropJiomena, Orthis, MhyncJionella, Pterinea, and corals of 

* Paper on Precarboniferous Flora. 
^Reports, Geol. Survey, 1876-6. 
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Silurian genera. There can thus be no doubt as to their general age, 
though we have not sufficient evidence to assign them to any particular 
horizon in the series of Silurian beds known in Nova Scotia. 

The cuttings of the Intercolonial Railway have enabled Dr. Honeyman 
to recognize at Wentworth, on the north side of the Cobequids, the 
extension westward of the Silurian rocks mentioned in "Acadian Geology," 
and also in an earlier memoir on the metamorphic rocks of Eastern Nova 
Scotia,* as flanking the crystalline rocks of these hills in New Annan 
and Earlton. Dr. Honeyman was disposed to regard these beds at 
Wentworth as possibly as old as the Hudson River group ; but the fossils 
which I have collected in them seem to me to indicate that they are pro- 
bably of the age of the Lower Arisaig series,! or about that of the 
Clinton of New York. They also much resemble in mineral character 
the Lower Arisaig beds, as well as those of similar age near Cape Gasp6, 
and on the Metapedia. The more characteristic fossils in my collections 
are : — 

Graptolithus ClintonenRis, HalL Climacograpsus and Retiograpsus (?) sp. Atrypa 
reticularis, Dalman. Strophomena rhomboidalis, Wahl. Ling^la oblonga, Hall. 
Orthis tenuiradiata, Hall, or allied. Or this el^antula, Dalman, or allied. Rhyncho- 
nella n^lecta, Hall, or allied. Leptocoelia intermedia, Hall, or allied. Tentaculites 
distans. Hall, or allied. 

As usual in the shales of this series, the finer markings of the shells 
are not well preserved, so that it is not easy to assign them to their 
species. I think, however, that I cannot be wrong in referring them to 
the lower part of the Silurian. 

At Wentworth the dark shales holding these fossils are traversed by 
diabase dykes, in the vicinity of which the shales have assumed a gray 
colour, and have been hardened so as in places to resemble felsites. It 
is probable that the fossiliferous beds may be unconformable to the hard 
slates, felsites and porphyries underlying them, but the shales have par- 
ticipated to some extent in the movements to which the older rocks have 
been exposed. 

Farther eastward, at French River and Waugh's River, the representa- 
tives of the Wentworth series contain coarse limestone and hard sand- 
stone as well as shale, but hold some of the same fossils, and at Earlton 

* Journal Geological Society, vol. vi. 

1 1 use the term "Lower Arisaig " in the sense attached to it in " Acadian Geology," 
namely, for the lower fossiliferous series of that place, in the main equivalent to the 
Clinton and Medina groups of New York — Llandovery of England. 
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loose pieces contain fossils of a somewhat higher horizon equivalent to 
the Upper Arisaig series. 

Passing from the eastern end of the Cobequids across a bay of the 
Carboniferous into the Pictou area, we find well characterized Upper 
Silurian rocks with fossils of the Upper Arisaig (Lower Helderberg) age. 
These rocks have recently been somewhat carefully examined in connection 
with explorations of the great deposits of iron ore associated with them. 
It would seem that the upper half of the Upper Silurian is here quite as 
well developed as at Arisaig, and includes the great bed of fossiliferous 
hematite which is so characteristic of this region (Fig. 161). From 
below these beds arise thick beds of ferruginous quartzite, and of 
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Fig. 160.— Ideal Section, showing the general relations of the Iron Ores of the East 
River of Pictou. 1. Great bed of Red Hematite. 2. Vein of Specular 
Iron. 3. Vein of Limonite. { a) Older Slate and Quartzite series, with 
Feluite and Ash Rocks, etc. (h) Lower Helderberg formation and other 
Silurian Rocks, (c) Lower Carboniferous of the East Branch of East 
River. 

imperfectly crystalline diorite and slaty and felsitic breccias, which would 
seem to be lower members of the Silurian, and which are less indurated 
than the rocks of similar composition previously referred to the Siluro- 
Cambrian and older series. These latter rocks, which also appear in the 
vicinity of the East River, are breccia, felsite, quartzite, slates and hydro- 
mica schists, which bear a close resemblance to the Cobequid series, and 
pass to the southward and westward of the newer rocks, no doubt form- 
ing in this region the continuation of that formation. In the central 
parts of the hills, at the head waters of the East River, these beds are 
seen, as in the Cobequids, to be invaded by great masses of an intrusive 
red syenite. 

Eastward of the East River the continuation of the Upper Silurian 
rocks has been traced by Dr. Honeyman and Mr. Fletcher to Arisaig, 
where they were originally studied and described by the writer, and 
include well characterized representatives of the Clinton and Helderberg 
series but without the great limestones characteristic of these forma- 
tions to the westward, and without distinct representatives of the Niagara 
group which has however been recognized in New Canaan, in Western 
Nova Scotia, with its characteristic fossils.* 

* Canadian Record of Science, vol. ii., Acadian Geology 
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Mr MatthewB hag lecogniBed lemains of a Placoganoid Fish akin to 
those of the Silanao of Britain and the Uaited States, in rocks of this 
age Iq Hew Biunsw ck It has been referred to the genus Pteraapia (P. 
Acadtca Matthew )* 

6. The Erian or Devon- 
ian. — The Erian System 
does not occupy a very 
wide area in the Acadian 
Provinces, yet, in connec- 
tion with the neighboring 
areas in the Province of 
Quebec, it is of great in- 
terest, as showing perhaps 
more of the land life of 
the period, and more es- 
pecially of its flora, than 
the Devonian of any other 
part of the world. In con- 
nection with tliis, it is to 
be observed that the vast 
development of this for^ 
niation in the great Lake 
Erie district shows mainly 
its marine conditions. 
Yet it is satisfactory to 
know that I'rofessor Hall 
finds erect trnuks of tree- 
fems and abundance of 
remains of fern fronds 
and Psilop/ii/lon in the 
Chemung sandstones of 
New York,and that inthe 
marine limestones of Ohio 
Dr. Xewberry has dis- 
covered trunks of conifers 
and beautifully preserved 
stems of tree-ferns. 



Blomit Proflpeot. ' 




* Acadian Gsologj and supplement, I 
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These rocks in the Acadian ProvincBH overlie the foaailiferoua beds oE 
the Lower Helderberg or Ludlow group, and underlie the Lower Carbon- 
iferous, whose peculiar flora readily distiugiiishea it. From these beds, 
thus limited, I liave described or catalogued 135 species of fossil plants,* 
of which the greater part are specifically, and some generieaily, distittct 
from those of the Lower Carboniferous. A very considerable propor- 
tion of these plants have been derived 
from the rich plant-bearing beds near 
St. John, New Brunswick, so admir- 
ably explored by Messrs. Hartt and 
Matthew. 

One of the moat characteristic 
forms of the Lower Erian ia the re- 
markable genus Psilophj/ton. The 
restoration given in Fig. 162 will 
serve to show the general character of 
this curious plant, which, while allied 
to the club-moaaes in structure and 
habit, has remarkable peculiarities in 
its fructification. Cydopteris Jaek- 
Boni and 0. Gaspimais, which should 
be placed in my new genua Arclm- 
opteris, are characteristic of the 
upper members of the system. The 
remarkable discoveries of fossil fishes 
and insects in the Lower and Upper 
Eriau of the Bale de Chaleur and 
St. Jolin liave been referred to in 
part XL The former, as described 
by Whiteaves, show distinctive fish 
fauna} of the Lower aiid Upper 
Erian, parallel with those of Europe, 
anil corresponding to the distinct 
florse of the Lower and Upper 

a. Fruit, natural she ; b. Stem, natural 




• Report on foBsU Plants of Devonian, etc.. Gaol. Survey uf Canada, 1871 and 
t Whiteavas, TranBacCionB Royal Society of Canada. 



J 



Is 



LoiKT OubDolleroug, 



ACADIAN REGION. 139 

7. The Carboniferous 
Systmt.~T\\e total ver- 
tical thickucps of the im- 
mense mass of sediment 
constituting the Carbon- 
ifeniiis systoin in Nova 
Scotia may be estimated 
from the fact that Sir W. 
K.Logan has ascertained, 
by actual miiasurement 
at the Joggins, a thick- 
ness of 14,570 feet; and 
this does not include the 
lowest member of the 
series, which, if develop- 
ed and exposed in that 
locality, would raise the 
aggregate to at least 
16,000 feet It is cer- 
tain, however, that the 
thickness is very vari- 
able, and that in some 
districts particular mem- 
bers of the series are 
wanting, or arc only slen- 
derly developed. Still 
the section at the Joggins 
is by no means an excep- 
tional one, since I have 
been obliged to assign to 
the Carboniferous de- 
posits of Pictou, on the 
evidence of the sections 
exposed in that district, 
a thickness of about 
16,000feet; and Mr. R. 
Brown, of Sydney, has 
estimated the Coal for- 
mation of Cape Breton, 
'e of the Lower Carboniferous, at 10,000 feet in thickness. 
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When fully developed, the whole Carboniferous series may be arrangrf 
in four subordinate groups or formations, which are referred to in Part II, 
and are there taken as types of the Carboniferous system. They are (!) 
the Horfon Series, or Lower Carboniferous shales and conglomerates ; (2) 
the Windsor Serief, or IjDvieT Carboniferous Limestone; {2i)i\ie MilMm 
grit ; (4) the Coai Formation. Detailed features of these several mem- 
bers will be found iti " Acadian Geology." 




Fig. 165.— Sketch-map of Pictou Coal Dietrict. A, Upper Coal formation; B, 
Middle Coal formation; C, New Glasgow oongloraarate ; D, Lower 
CarbonieeiouB ; E, Silurian and Devonian. Coal Artat.—(1) Genenl 
Mining Association, or Albion Mines ; (2and4)Aoadia i (3) Nova Sootis; 
(□) Intercolonial or Bear Creek; (6} Montreal and Pictou; (7) Genua 
Company, nod others ; (8) Sutherland's River ; (9) New Glasgow. 



The area occupied by Carboniferous rocks in Nova Scotia and New 
Brunswick is very extensive ; and is divided by ridges of the older 
nietaniorphic rocks into portions which are considered separately in 
" Acadian Geology." These are — 

1. The New Brunswick Carboniferous district, the largest in point of 
"area in the Acadian provinces 
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h 1 2. The Cumberland Carboniferous dUtrict, bounded 

g ^ on the south by the Cobequid Hille, aud continuous 
S I on the northwest with the great Carboniferous area of 
^ W K Uew Brunswick. 

s .. 3. The Carboniferous district of Minas Basin and 

'^ S Cobequid Bay, and ita outliers, including the long 
i I band of Carboniferous rocks extending along the south 
'Z side of the Cobequids, and that reaching along the 

Q t valley of the Musquodoboit Eiver. 
a ^ -g 4. The Carboniferous district of Pictou, bounded 

*£ E on the south and east by metamorphic hills, and con- 
es S '" nected on the west with the Cumberland district and 

g, ^ J that last mentioned. (Fig. 165.) 
* ^ I :i B. The Carboniferous district of Antigonish county, 
= S y*^ bounded by two spurs of the metamorphic hills. 
J " S 6' '^he narrow band of Carboniferous rocks extend- 
°- ^ J ing from the Strait of Canseau westward through the 
J u J county of Guysboro'. 

.= t^ 7. The Carboniferous district of Richmond county 
1=3 and southern Inverness. 

c.iS ^ ^1)^ Carboniferoiu district of ItiverrieRS and 
p ^- ^ Victoria counties. 

'^ ^ S 9. The Carboniferous district of Ca[)e liruU^n 
"1.1 I ooonty- (F'K- 167.) 
2 Condition* of Lhp"Biti'm, of tlu; ISmln. — It is yvident 

^- that very various geographical ondilioiut are iiii|ilie<l in 

^ ". the deposit of this vast thickness of se'lJiiient. The 

£ Acadia of the Carboniferous jwrioil must not only 

have differed much from that which now is, hut it must liave |fre«ent«il 
very different apptearances in the different [ftrtioiis of the Carlfitiifero'is 
time itself. 

The conditions of depo«it thu^ imjilieil in \.\it miueral chanu^t^r and 
fossils of the several formatiotw alwv! ^•■.m;n\i^A, wiuld apixuir Vi )>: of 
three leading kinds ;— ^1.) Tlie dejjoifiljoii of warw! si^ljmetit in shallow 
water, with local changes leadiii}; to the alt'sniatiori of 'Any, saii'l, and 
gravel. This predominates at tUt ii^iijutiiuii -A ih'; | «;«'*■!, rei.urs after 
the deposition of the marintr IuuhkUiiiih in the f<irriiation of the "Mill- 
- etone-grit," and a^in prevailn in th« up{>«r '^ful f'/nnaii'iu. (1i.) Tli« 
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growth of corals and shell'fiah in deep clear water, alODg with the pie- 
ctpitation of cryBtalline limestone and gypsum. These conditions 
occurred during the formation of the Lower Carboniferoua limestone and 
I gypsum. (3.) Tlie deposition of fine sediment, and Ike 




Fig. 167.— Map of Cape Breton Coal-fiBld. A, Upper Coal beds; B, Middle Coll 
beds 1 C, Lowest Coal beds ; B, Millatone grit ; E, I«wer Carbonifurous ; 
r, Metamorphic Silurian. 
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accumulation of vegetahle matter in beds of coal and carbonaceous and 
bituminous shale, and of mixed vegetable and animal matters in the beds 
of bituminous limestone and calcareo-bituminous shale. These conditions 
were those of the middle coal formation. 

Within the limits of Nova Scotia and New Brunswick these con- 
ditions of deposition applied, not to a wide and uninterrupted apace, but to 
an area limited and traversed by bands of Silurian and Devoi 
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already partially metamorphosed and elevated above the sea, and along 
the margins of which igneous action still continued, as evidenced by the 
beds of trap intercalated in the Lower Carboniferous ;* while about the 
close of the Devonian period still more important injections and 
intrusions of igneous matter had occurred, as shown by the granite dykes 
and masses which traverse the Devonian beds, but have not penetrated 
the Carboniferous.! There is evidence, however, in the Carboniferous 
rocks of the Magdalen Islands and of Newfoundland, and in the fringes 
of such rocks on parts of the coast of Nova Scotia* and New England, 
that the area in question was only a part of a far more extensive region 
of Carboniferous deposition, the greater part of which is still under the 
waters of the Atlantic and of the Gulf of St. Lawrence. 

The general phenomena of deposition above indicated, apply to all the 
Carboniferous areas of Nova Scotia and New Brunswick, and, so far as 
known, to those of the Magdalen Islands and of Newfoundland. But 
numerous local diversities occur, in consequence of the interference of 
the older elevated ridges with the regularity of deposition. In some 
places the entire Lower Carboniferous series seems to be represented by 
conglomerates and coarse sandstones. In others, the Lower Coal 
measures, or the marine limestones, or both, are extensively developed. 
These local differences are, on a small scale, of the same character with 
those which occur on a large scale in the northern and southern Appala- 
chian districts and western districts of the United States, and in the 
different coal areas of Great Britain and Ireland, as compared with each 
other and with the Carboniferous districts of America. On the whole, 
however, it is apparent that certain grand features of similarity can be 
traced in the distribution of the Carboniferous rocks throughout the 
northern hemisphere. 

It is further to be observed, that in Nova Scotia and New Brunswick, 
as w^ell as in Eastern Canada, disturbances occurred at the close of the 
Devonian period which have caused the Carboniforous rocks to lie uncon- 
formably on those of the former ; and that in like manner the Carbon- 
iferous period was followed by similar disturbances, which have thrown 
the Carboniferous beds into synclinal and anticlinal bends, often very 
abrupt, before the deposition of the Triassic Ked Sandstones. These 
disturbances were of a different character from the oscillations of level 
which occurred within the Carboniferous period. They were accom- 

* Dawson, Quart. Journ. Geol. Soc, vol. L 1845, p. 329. 
+ Dawson, Canadian Naturalist, 1860, p. 142. 
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panied by volcanic action, and were most intense along certain lines, 
especially near the junction of the Carboniferous with the older 
formations. 

I have noticed an apparent case of unconformability between members 
of the Carboniferous system near Antigonish.* In the county of Pictou, 
the arrangement of the beds suggests a possible unconformability of the 
Upper Coal formation and the Coal measure -.f In ]^cw Brunswick, 
Prof. Bailey J has observed indications of local unconformability of the 
Coal formation with the Lower Carboniferous. But the strict conform- 
ability of all the members of the Carboniferous series in the great major- 
ity of cases, shows that these instances of unconformability are excep- 
tional. In the section at the Joggins more especially, the whole series 
presents a regular dip, diminishing gradually from the margin to the 
middle line of the trough, where the beds become horizontal. 

The most gradual and uniform oscillations of level must, however, be 
accompanied with irregularities of deposition and local denudation ; and 
phenomena of this kind are abundantly manifest in the Carboniferous 
strata of Nova Scotia. I have described a bed in the Pictou Coal-field 
which seems to be an ancient shingle-beach, extending across a bay or 
indentation in the coast-line of the Carboniferous period. § At the 
Joggins, many instances occur of the sudden running out and cutting off 
of beds, II and Mr. Brown has figured a number of instances of this kind 
in the Coal formation of Sydney.H They are of such a character as to 
indicate the cutting action of tidal or fluviatile currents on the muddy or 
sandy bottom of shallow water. In some instances the layers of sand 
and drift-plants filling such cuts suggest the idea of tidal channels in an 
estuary filled with matter carried down by river- inundations. Even the 
beds of coal are by no means uniform when traced for considerable 
distances. The beds which have been mined at Pictou and the Joggins 
show material differences in quality and associations ; and small beds 
may be observed to change in a remarkable manner, in their thickness 
and in the materials associated with them, in tracing them a few hundreds 
of feet from the top of the cliff to low- water mark on the beach. I have 
no doubt that, could we trace them over sufficiently large areas, they 

* Quart. Joum. Geol. Soc, vol. i. p. 32. 

fibid., vol. X. p. 42. 

t " Report on Geology of Southern New Brunswick," p. 188. 

§ Quart. Journ. Geol. Soc, vol. x. p. 45. 

II Ibid.f vol. X. p. 12. 

^ Ibtd,f vol. vi. p. 125 et seq. 
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would all be found to give placo to sandatones, or to run 
out into bituminous shales and linieatones, acconling to the 
undulations of the surfaces on which they were depositee!, 
I just as the peaty matter in modem swamps thins out 
toward bunks of sand, or jiasses into the muck or mud of 
inundated flats or ponds. 

8. The Permian System. — The Upper Coal formation 
was first distinguished as a separate member of the Car- 
boniferous system in Eastern Nova Scotia by the writer, in 
a paiwr published in the fSist volume of the Jouranl of the 
Geological Society, in 18-15 — and was defined to be an 
. upper or overlying series euperimposed on the productive 
Coal measures, and distinguished by the absence of thick 
l'//'/j jc'i^ coal-seams, by the prevalence of red and gray sandstones 
and red shales, and by a peculiar group i 
fossils. 

Subsei]uently, in my paper on the South J 

;* in Acadian Geology, this formation was identified with the 

. upper series of the Joggins section. Divisions 1 and 2 of 

' Sir "William Logan's sectional list, and with the Upper 

I Barren Measures of the English Coal-fields, and the third 

)r upper zone of Geintiz in the Coal formation of Saxony, f 

Still more recently, in the " Report on the Geology of 

Prince Edward Island," 1871, 1 have referred to the upper 

part of the same formation, the lower series of sandstones 

J in Prince Edward Island not previously separated from 

the overlying Trias. J 

In Prince Edward Island, however, where the highest 
beds of this aeries occur, they become nearly horizontal, 
and are overlain apparently in a conformable manner by 
the red sandstones of the Trias, which differ very little 
. from them in mineral character. It thus happens that, 
but for the occurrence of some of the characteristic Carbon- 
iferous plants in the lower series, and of a few equally 
characteristic Triassic forms in the tipper, it would be 
difficult to affirm that we have to deal with two formations 
BO different in age. 

* Jnurnitl Geolcigical Society, vol. x, 

+ Acadian Geolugy, p. 140. 

; Report on tho Geological Structuro o( Prince Edward Island. 
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In coniiectioD with this, the presamed absence of the Permian^ ^^ 
only here but throughout Eastern America, raises the question wbi^ _ 
have already auggeatej in " Acadian Geology," whether the comJition ^ , 
the Upper Coal formation may not have continued longer here thai* 
Europe, so that rocka in the former region constituting an iipw^"" 
extension of the Carboniferous may synehroaize with part at least of tb^ 
Perniian. On the one hand, there seems to be no atratigraphical bres* 
to separate these rocks from the Middle Coal formation of Nova Scotia ; 
and their fossils are in the main identical. On the other hand, where i 
the beds are so slightly inclined that tlie Trias seems conformable to the 
Carboniferous, no very marked break is to be expected ; and some of the I 
fossils, as the conifers of the genus WaXchia and Calamitta gigm, have 
a decided P n a t de v. 

On the 11 n th R port above referred to, I declined to separate 
the red bed E tl 1 series in Prince Edivard Island from ibe 

Newer Coal f mat n P of. Geinitz, however, in noticing my Report,* 
and also it p ate 1 tte expresses tlie opinion that the fossils have, 
as an assemblag so mu h f a Permian (or Dyadic) aspect that they may 
fairly be referred to that formation, more particularly to its lower part, 
the Lower Eothliegende. This with further study of the sections on the 
North coast of Nova Scotia and New Brunswick induced me, in 1872, 
to propose the name Permo-Carboniferous for this formation.* 

9. Tlie Trias. — The great Geological Periods known as the Mesoioie 
and Early Tertiary are represented in the Acadian Provinces only by the 
Triaseic system. 

During all those periods in which the middle and older Tertiaries, the 
Cretaceous and the Oolitic systems were produced, no rocks ap[iear to 
have been formed within its area, or if they were formed they Jiave been 
swept away. This remark applies not only to Nova Scotia, but to an 
immense region extending through Now Brunswick, Canada, and the 
Northern United States. During those long periods, these regions, thus 
destitute of the newer Secondary and Tertiary rocks, may have been in 
the interior of a great continent, or in the fathoudess depths of an ocean 
where no sediment was being deposited ; but whatever their condition, 
they retain no geological monuments of the lapse of time. 

The distribution of the Trias indicates that, when it was deposited, 
the form and contour of the country already made some approach to 
those which it still retains. Just as the marsh mud lines the coasts of 
the Bay of Fundy, so do we find the Trias occupyiug an inner zone, 

* Journal Geological Society, Auguat, 187-1. 
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and appearing to have been depositcii in a liay a little 
wider and longer ihan the present one. It is imieed to 
this bay district that, in Nova Sco'-ia and New Hrtma- 
wiek, the Trias has been chiefly confined, and it may 
have been deposited in circumstances not very dis- 
similar from tliose of the present marshes, except that 
the older deposit is accompanied by evidence that active 
volcanoes poured out their lavas on the grandest scale 
in the waters and on the shores of tiie bay while its 
sandstones were being formed. While the Trias of 
Nova Scotia is limited to the Bay of Fiindy, we have 
evidence in the wide estent of the same formation in 
Prince Edward Island , that a similar deposit was in pro- 
gress in the Guif of St. Lawrence. In the giilf, how- 
ever, nnlike the bay, we do not find the New Rod 
along the coasts, but in an isolated patch separated on 
all sides from the continent, I may remark here, that 
the Trias, though patches of it are scattered over 
several pacts of North America, is nowhere very extens- 
ive. To the southward of Nova Scotia it reappears in 
C t t wl t tends over a considerable area 

n tl II y f th r ; and in New Jersey, where 

th b d that extends a great distance 
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form a long, narrow and elevated belt, extendiug westward from Cape 
BlomiJon on the Bay of Funily, while isolated eminences of the same 
rooks appear on the opposite side of the Bay. ^^M 



The bed f h T a as n n P n e Edw d Island, and 

more espeo a n n m pa n h fly of f d sandstone, 

with some buff coloured beds and red and mottled clays. Associated 
with tbem are conglomerates and hard calcareous and concretionary santl- 
atones, passing into bands of arenaceous limestone, which is ia some 
places a dolomite. They present a division into an upper and lower 
group whicb may be held to represent respectively tbe Hunter and 
Keuper Sandstones, tbe lower member containing a greater proportion of 
gray, purplish and pebbly beds. 

The dips are so low, and tbe beds so much affected by oblique stratifiea- 
tion, that those of tbe Trias cannot be said to be unconformable to the 
underlying Carboniferous rocks ; and for this reason, as well as on account 
of the similarity in mineral character between the two groups, some 
uncertainty may rest on the position of the line of separation, Tlial 
above stated depends on fossils, or a somewhat abrupt change of mineral 
character, and on a slight change in the direction of the dip. These 
beds spread over much of the island, though with no gi'eat thickness. 

Fossils are rare in the Triassic beds. Of plants, one of the most 
' interesting is a species of coniferous tree distinct from that occurring in 
the Carboniferous beds beneath, and allied to Dadoxykm Keuperianum 
of the European Trias. I have described it under the name D. Edvard- 
ianum. Another is apparently a small cycadean stem, which I have de- 
scribed as Cyeadeoidea (ManlelliaJ Abequidemia, from tbe old Micmac 
name of the Island.* Besides these there are Knorriadike stems, a 
coarsely marked Stei-nbergia, and impressions resembling fucoids. The 
only animal fossil yet known is Bathijgnatlnis horealin, Leidy, a member 
of the group of carnivorous dinosaurs, tbe highest known reptiles, and an 
order very obaraeteriatic of the Mesozoic, 

•Report p. i:i. 
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10. The Pleistocene. — After a great gap in the Geological auccesaion, 
he Maritime Provinces present a moderate development of the clays, 
sanda and gravels of the Pleiatocene or Glacial age, resting on atriated 
rock aurfacea. These I have all along regarded as evidence of arctic and 
sub-arctic conditions, but not of land glaciation within the area of the 
Maritime Proviucea, except on the flanks of the higher mountain ridgea. 

I fail to find, either in the Acadian Provinces or in Canada proper, any 
indication of a great continental glacier. There is evidence of great 
depression of the land, accompanied witii a reduction of the mean tem- 
perature to sucii an extent that the hills remaining above water were 
occupied with local glaciers, and formed areas of denudation, while the 
lower lands, traversed by northern currents of ice-cold water, bore float- 
ing ice throughout the year, and this waa steadily pushed by the lower 
currents from the north-east ; while in periods of extreme submergence 
there was a drift, perhaps caused by prevailing winds, from the north- 
west. In these circumstances the bouider clay and the lower part of the 
Leda clay were formed, and are consequently non-fossiliferoua, or hold 
only a few Arctic shells. Be-elevatiou brought shallowness, and con- 
sequently warmer water, and eventually land aurfaces, and introduced the 
modem climate. 

Whatever the cause of this submergence, the fact of its occurrence is 
proved by the marine clays and the high-level sea beaches, Mr. Richard- 
son of the Geological Survey has found these terraces 1225 feet above 
the sea on the coast of Newfoundland, and the evidence of travelled 
stones would take the sea to the tops of the highest hills in Eastern 
America, 6,000 feet above the sea. The drift phenomena of the west- 
ern plains and the Rocky Mountaiua imply subsidence there to the 
extent of, at least, 4,400 ft.* Now, the existing cliraatea of the North 
Atlantic, as compared with those of the Post- pliocene, point precisely to 
the natural effects of anch a submergence, while the action of local 
glaciers, of pack and pan ice, and of drifting bergs, as now actually 
observed, would, if intensified, aa they must liave been by tlie causes 
supposed, give all the observed effects of glaciation. There is therefore 
no geological necesaity to appeal to the varying eccentricity of the earth's 
orbit and the precession of the equinoxes, or to an imagined change of 
the earth's axis of rotation, or of the obliquity of the ecliptic, or of the 
energy of the sun's radiation. If these, or any of them, 
on other giounds, geologists may fairly he called on to allow for 



•G. M, Dawson, R/?port on 49th parallel. 
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influence ; but there is no geological neceasity for thera, other tlian the 
exigeuciea of an imaginary period or succession of periods of continental 
glaciation, of which unquestionahly there is no geological evidence in 
Eastern Anierica, For facts in support of this view, I niuy refer not 
only to the chapter on Acadian Geology on this aubject, but to my suli- 
sequeiitly published Notes on the Post-pliocene of Canada.* 

I may, however, quote the explanation which I gave in the first editiou 
of Acadian Geology, in 1885, and to which I still adhere : — 

"In reasoning on thia subject as regards Nova Scotia, I haVB the 
advantage of appealing to causes now in operation within the country, 
and which are at present admitted hy the greater number of modem 
geological authorities to afford the best explanation of the phenomena. 
In the first place, it may at once bo admitted that no such operations as 
these which formed the drift are now in progress on the surface of the 
land, so that the drift is a relic of a past state of things, in go far >l 
least as regards the localities in which it now rests. In the next plaoo, 
we find, on examining the drift, that it strongly resembles, though on i 
greater scale, the effecta now produced hy frost and floating ice, Froat 
breaks up the surface of the most solid rocks, and throws down olifi and 
precipices. Floating ice annually t^ikes up and removes immense quan- 
tities of loose stones from tlie shores, and deposits them in the bottom 
of the sea, or on distant parts of the coasts. Very heavy masses are 
removed in this way. I have seen in the Strait of Canaeau large atones, 
ten feet in diameter, that liad been taken from below low-watermark and 




Fig. 171.— Modem Travelled Stone, Petitcodiao River. 

pushed up uixin the heach. Stones so large that they had to be removed 
by blasting, have been taken from the base of the cliffs at the Joggiw 
and deposited off the coal-loading pier, and I have seen resting on the 
mud-ilats at the mouth of the Petitcodiac River a boulder at least eight 
feet in length, tliat had been floated by the ice down the river (Fig. 171.) 
Another testimony to the same fact is furnished by the rapidity with 

■Mr. ChBlnierBhae niuro recently investiffftledtlie facta BB to local drift in tbeBiit 
deB Chaleura and the mountains Bouth of the Lower St. LawrBnoe.— Raporta, Gag- 
logical Survey of Canada, and Can, Record of Science, 188fl. 
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wliich huge piles of fallen rock are removed by the floating ice from the 
base of the trap cliffs of the Bay of Fundy. Let us suppose, then, the 
Burface of the land, while its projecting rocks were still uncovered by 
surface deposits, exposed for many successive centuries to the action of 
alternate frosts and thaws, the whole of the untravelled drift might 
have been accumulated on its aurfnce. Let it then be submerged until 
its hill-tops should become islands or reefs of rocks in a sea loaded i 
winter and spring with drift-ice, floated along by currents, which, like 
the present Arctic current, would set from N.E. to S.W. i 
modifications produced by local causes. We have in these a 
with the action of local glaciers) ample means for accounting for the 
whole of the appearances, including tlia travelled blocks and the scratched 
and polielied rock-surfaces. This, however, is only a general explanation. 
Had we time to follow it into details, many most interesting and complica- 
ted facts and processes would be discovered." * 

Glacial striation is very frequent wherever fresh surfaces of rock are 
exposed. The following are instances of its direction ; — 

Point Pleaaaut, nnd other places near Halff ax, exposure aonth, 

very distiiict and beautiful striation . , S. 20° E. to S. 30° E. 

Headot the Basin, expoaure south, but in » vaUey E. ft W. nearly. 

La Havre River, exposure a.E S. 20' W. 

Petite Eivsr, exposure S.E S, 20° E. 

Bear Riv™, exposure N 8. Sff E. 

Kawdon, exp.iaure N S. 25° E. 

The Gore Moimlain, exposure N., two seta o£ atriffi, respectively S, 65° E, ft 3. 20° E. 

Windsor Road, exposure not noted H.S.E. 

Oay'< River, exposure N Nearly S. ft N. 

Musqaodoboit Harbour, exposure S Nearly 8. ft N, 

Near Fiotou, exposure E., in a valley Nearly R. & W. 

Poison's Lake, summit of a ridge Nearly N. ft S. 

Near Guysboro', exposure not noted Nearly S. ft N. 

Sydney Mines, Cape Breton, exposures 3. 30° W.+ 

The above instances show a tendency to a southerly and south-easterly 
direction, which accords with the prevailing course in most parts of 
North-eastern America. Local circumstances have, however, modified 
this prevailing direction ; and it is interesting to observe that while S.E. 
ia the prevailing direction in Acadia and New England, it is exceptional 
in the St. Lawrence valley, where the prevailing direction ia S-W-f 

•Sea '■ Notes on Canadian Pleiatooene," Canadian Naturaliat. 
+ The above and other courses in tiis volnme are magnaic, the average variation 
being about 1S° W. 

fLogao, " Report on Geology of Canada." 
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Professor Hiud has given a table of similar striation in New Brunswick, 
showing that the direction ranges from X, 10° W. to N. 30° E., in all 
except a very few cases. On Blue Mountains, 1650 feet above the aea, 
it is stated to be N. and S. As in Nova Scotia, N.W. and S.E. seems la 
be the prevailing course. 

The occurrence of Laurentian boulders from Labrador in Nova Scotia, 
shows the great distance of transport in some cases, and its direction to 
the south-west, while there are abundant examples of local driftage, more 
especially from the higher lands and along the lines of depression of the 
surface, and some of this is no doubt the work of local glaciers in inter- 
vals of land elevation.* 

The Pleistocene of Prince Edward Island may be taken as a good 
illustration of the deposits of this age. 

The Triassic and Upper Carboniferous rocks of this island consist 
almost entirely of red sandstones, and the conntry is low and undulating, 
its highest eminences not exceeding 400 feet. The prevalent Post- 
pliocene deposit is a boulder clay, or in some pkces boulder loam, com- 
posed of red sand and clay derived from the waste of the red aaudstouea. 
This is filled with boulders of red sandstone derived from the hnnler beds. 
They are more or leas rounded, often glaciated, with strise in tjie direction 
of their longer axis, and sometimes polished in a remarkable manner, 
when the softness and coarse character of the rock are considered. This 
polishing must have been effected by rubbing with the sand and loam in 
which they are imbedded. These boulders are not usually large, though 
some were seen as much as five feet in length. The boulders in this 
deposit are almost universally of the native rock, and must have been 
produced by the grinding of ice on the outcrops of the harder beds. In 
the eastern and middle portion of the island, only tliese native rocks were 
seen in the clay, with the exception of pebbles of quartzite, which may 
have been derived from the Triassic conglomerates. At Campbeliton, in 
the western part of the i.^land, I observed a bed of boulder clay filled 
with boulders of metamorphic rocks similar to those of the mainland of 
Sew Brmisivick. Stria were seen only in one place on the uorth-easlem 
coast and at another on the south-western. In the former case their 
direction was nearly S.W. and N,E. In the latter it was S.70° E. 

No marine remains were observed in the boulder clay ; but at 
Campbeliton, above the boulder clay already mentioned, there is a limited 
area occupied with the beds of stratified sand and gravel, at an elevation 

. • Sea Chalmera, I.e., and Gaological Magazine, 1889. .^^^^ 
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of about 50 feet above the sea, anil in one of the beda there are shells of 
Tellina Gnentandiea. 

On the surface of the country, more especially in the western part of 
the island, there are numerous travelled boiddeis, sometimes of coDBidei- 
able siza As these do not apjiear in situ in the boulder clay, they may 
be supposed to belong to a second or newer boulder drift, similar to that 
which we find to lie connected with the Baxicava sand in Canada. These 
boulders being of rocks foreign to Prince Edward Island, the question 
of their source becomes an interesting one. With reference to this, it 
may be stated in general terms that the majority are granite, syenite, 
diorite, felsite, porphyry, quartzite, and coarse slates, all identical in 
mineral character with those which occur in the metamorphic districts of 
Nova Scotia and New Brunswick, at distances of from 50 to 200 miles 
to the south and south-west, though some of them may have been derived 
from Cape Breton on the east. It ia further to be observed, that these 
boulders are most abundant and the evidences of denudation of the Trias 
greatest in that part of the island which is opposite the deep break 
between the hills of Nova Scotia and New Brunswick, occupied by the 
Bay of Fundy, Chignecto Bay, and the low country extending thence to 
Northumberland Strait, an evidence that the boulder drift was connected 
with currents of water passing up this depression from the south or south- 
west Similar local drift occurs in Nova Scotia, though there the pre- 
dominant direction is from the northward. 

Besides these boulders, however, there are others of a different char- 
acter ; such as gneiss, hornblende-schist, anorthosite and Labradorite 
rock, which must have been derived from the Laurentian rocks of 
Labrador and Canada, distant 350 miles or more to the northward. 
These Laurentian rocks are chiefly found on the north side of the island, 
as if at the time of their arrival the island formed a shoul, at the north 
side of which the ice carrying the boulders grounded and melted away. 
With reference to these boulders, it ia to be observed that a depression 
of four or five hundred feet would open a clear passage for the Arctic 
current entering the Straits of Belle Isle to the Bay of i'undy ; and that 
heavy ice carried by this current would then ground on Prince Edward 
Island, or be carried across it to the southward. If the Laurentian boul- 
ders came in this way, their source is probably 400 miles distant in the 
Strait of Belle Isle. On the north shore of Prince Edward Island, 
except where occupied by sand dunes, the beach shows fjreat numbers of 
pebbles and small boulders of Laurentian rocks. These are said by the 
inhabitants to be ca?t up by the sea or pushed up by the ice in spring. 
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Whether they are now being drifted by ice direct from the Labrador 
coast, or are old drift being washed up from the bottom of the gulf, which 
north of the island is very ehallow, does not appear. They are all much 
rounded by the waves, differing in this respect from the majority of the 
boulders found inland. I may add here that Laurenlian boulders have 
been observed on the north shore of Nova Scotia.* Dr. Honeyman 
records their appearance even on the Atlantic coast. 

The older boulder clay of Priuce Edward Island, with native boulders, 
jnuat have been produced under circumstances of powerful ice action, in 
which comparatively little transport of material from a distance occurred. 
If we attribute this to a glacier, then as Prince Edward Island is merely 
a slightly raised portion of the bottom of the Gulf of St. Lawrence, this 
can have been no other than a gigantic mass of ice filling the whole 
basin of the gulf, and without any slope to give it movement except 
towards the centre of this great though sliallow depression. On the 
other hand, if we attribute the boulder clay to floating ice, it must have 
been produced at a time wlieit numerous heavy bergs were disengaged 
from what of Labrador was above water, and when tliis was too thorough- 
ly enveloped in snow and ice to afibrd many travelled stones. Further, 
that this boulder-clay is a sub-marine and not a subaerial deposit, seems 
to be rendered probable by the cirou instance, that many of the boulders 
of the native sandstone are bo soft that they crumble immediately when 
exposed to the weather and frost. 

The travelled boulders lying on the surface of the boulder ciay 
evidently belong to a later period, when ihe hills of Labrador and Nova 
Scotia were above water, though lower tluin at present, and were 
sufficiently bare to furnish large supplies of stones to coast ice carried by 
the tidal currents sweeping up the coast, or by the Arctic current from 
the north, and deposited on the surface of Prince Edward Island, then 
a shallow sand-bank. The sands with sea-shells probably belonged to 
this ijeriod, or perhaps to the later part of it, when the land was gradual- 
ly rising. Prince Edward Island thus appears to have received boulders 
from both sides of the Gulf of St Lawrence during the later Post- 
pliocene period ; but the greater number from the south side, perhaps 
because nearer to it. It thus furnishes a remarkable illustration of tli« 
transport of travelled stones at this period in dilFerent directions ; and in 
the comparative absence of travelled stones in the lower boulder clay ; it 
furnishes a similar illustration of the homogeneous and untravelled char- 

— ■ Notes on P<i3t-plioceDe, 1872. p, 112. ^^_ 
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acter of that deposit, in circumstances where the theory of floating ice 
43erves to account for it at least as well as that of land ice, and, in my 
judgment, greatly better. 

Subdivisions of the Pleistocene Deposits. — In Acadian Geology, and in 
my Memoirs on the Pleistocene of the St. Lawrence Valley, I have pro- 
posed a three-fold division of these beds into Boulder clay, Leda clay, 
and Saxicava sand and gravel, to which may be added the old peaty 
•deposit observed under the boulder clay in Cape Breton. Mr. Matthew 
has since recognized in New Brunswick certain beds only locally 
■developed in the St. Lawrence Valley, and which I have been hitherto 
disposed to regard as depending on the action of streams from the land 
•or littoral agencies, but which he regards as marine deposits. They are 
gravels and sands underlying the boulder clay, and as yet destitute of 
fossils. 

The complete series of Pleistocene beds in Acadia and Canada would 
thus stand as follows, in ascending order, though it is to be observed that 
the whole series is not to be found developed at any one place : — 

^a,J Peaty terrestrial surface anterior to boulder clay. 

fb.J Lower stratified gravels— (Syrtensian deposits of Matthew). 

(c.) Boulder clay and unstratified sands with boulders. Fauna, when present, 
extremely Arctic. 

{d.J Lower Leda clay, with a limited number of highly Arctic shells, such as are 
now found only in permanently ice-laden seas. 

{e. J Upper Leda clay and sand, or Uddevalla beds, holding many sub- Arctic or 
boreal shells similar to those of the Labrador coast at present. 

(f, ) Saxicava sand and gravel, either non-foasiliferous, or with a few littoral shells 
of boreal or Acadian types. 

This table may be regarded as giving a complete statement of the series 
of deposits in the Post-pliocene, not only in the Acadian Provinces, but 
throughout North-eastern America. 



'o' 



Fossils of the Pleistocene. — Near the city of St. John, are gray and 
reddish clays, holding fossils which indicate moderately deep water, and 
are, as to species, identical with those occurring in similar deposits in 
Canada and in Maine. They would indicate a somewhat lower tempera- 
ture than that of the waters of the Bay of Fundy at present, or about 
that of the northern part of the Gulf of St. Lawrence. They correspond 
to the Leda clay of Canada and Maine. 
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Mr. C. F, Hartt has given, in Prof. Bailey's Keport oa New Briiziawick, 
the follomng list of fossils fi'om. tliese beds. I have affised an asterisk 
to the gpeciea found also in the Leda clay and Saxicava sand of the 
Province of Quebec. — 
Articutala, 

Balunus HaiQeri,' Ak,, Lnwlor's Lake. 

MoIIftaca, 

Fecten UlftndicuH,* Linn., Lawlor's Lake, R.R. Depot, Saint John. 

P. tenuiatriatua, Migh., '■ " " " 

Mjtilna edulis, Linn.' " ■' " " 

Catdium pionulatniQ, Con. " " " '' 

Tellinti GccBnlandica* (=T. BalthSca Linn.), L»wlor"a Lake, etc. 

T. calcsarBa>(^ Uacimasabulosa, :S{p.), Duck Cove, etc. 

Leda Jacksoai (= L. pernula'), Lawlor'e Lake. 

L. truncata,* Duck Cove ; Lawlor'a Lake ; R.R. Depot, Saint John. 

Nucula antiqvia (var. of N. tenuis )* " " 

Myaarenaria.* 

M. truncata,* " " 

Aphrodite (Serripea) GriBnlandica., flcot. Duck Cove, etc. 

Cardium islandicum,' Zrinn. 

Meaodeama, K.IL Depot. 

Saxicava diatorta, Sa^ (= S. nigosa, Linn.)' 

Lyoasia, arenoaa, Duck Cove,* 

Lacuna neritoidea,* Qoald, Duck Cove. 

Pandora trilineata, " 

Naticaolausa, Sow,* '' 

BncoinuQi undatum,' Linn, " 

Brgoioa.— several species undaterminad, Taylor's Island, Lawlor's Lake, etc. 
Sadiata. 

Ophioglypha Sarsii, L«tk., Saint John, Duck Cose.* 

ToxopDsuateB drabaohiensis, (Echinus granulatos, Sa^.),' Red Head, Lawlor'a 

Planti. — AlgSi thcee species, undetermined. — Maoaffagonis, 

In some specimens sent to me by Mr. Matthew, I find in addition W 
the forms above enumerated, some microscopic organisms, more especially 
Polystamella stnato-pundata (umbilicata of Walker), and several spedea 
of Cythere ; and among the Bryozoa I recognize PustuHpora, TiihuH^iofa 
serpens aiid Crista ebuniea, all in small fragments. 

The Kev. Mr. Paisley has published in the "Canadian ^'aturahst" 
(1872) a list of shells obtained from a railway cutting on the Tattagouoho 
Eiver, near Eatliurst, in New Brunswick. They were found in beds of 
Leda clay passing upwards into sand and gravel. At the .Jaci]uet Hiver 
in the same diatrict, the bones of a small cetacean have been found, and 
have been described by Dr. Gilpin and Dr. Honeyman.* They are 

■Trans. N.S. Listitute. 
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I ItiEtned by Dr. Gilpin to Beluga Vermotttana of Thompson from tlia 
I fefatocene of Vermont. Similar bones havo been found in the Leda 
' elay of the St. Lawrence Valley, and have been compared by the late ' 
Mt, Billinga with the skeleton of the recent B. calodon, L., of the St, 
Lawrence, with which the ao-called B. Vermoritana is probably identical, 
0! the specimens above referred to, and examined by Billings, certainly 
nete. 

Mr. Matthew has noticed the occurrence of Tdlina Grtenlandica at 
Horton Bluft and he makes the important observation that the shells 
found on the ooaat of the Baie de Chaleur are of more modern type than 
Ihose in the Bay of Fandy, which conform more nearly to the assemblage 
foond in these deposits on the New England coasts, so that the existing 
geographical regions were already to some extent established on the coast 
of North America in the period of the Upper Leda clay. 

Just as we attribute the formation of the older or boulder drift to the 
^tion of water and ice, while the land was subsiding beneath a frozen 
<ea, so we may assign as the cause of the superficial gravels the action of 
'iiese same waters while the country was being elevated above their level, 
Jlany of the mounds of gravel have evidently been formed by currents 
■water rushing through and scooping out the present valleys. Some 
of the more regular ridges are apparently of the nature of the gravel 
beaches which are thrown by the sea across the mouths of bays and 
Coves, and may mark the continuance of the sea-level unchanged for 
«>iEe time in the process of elevation. Others may have been pressed 
by the edges of sheets of ice, in the manner of the ridges along the bor- 
ders of our present lakes. That the action of ice in some form had not 
ceased, we have evidence in the laige boulders sometimes found on 
smnmita of the gravel ridges. 

In the island of Cape Breton the bones of a large elephantine quadru- 
ped, Mastodon Americamis, have been found in connection with the super- 
Roial gravel, which may be regarded as of Post-glacial or late Glacial age. 
This gigantic creature probably inhabited our country at the close of the 
waoial period, and may have been contemporary with some of the 
present animals, but possibly extinct before t!ie introduetion of man, 
"loUgh the Micmao Indians seem to have had traditions of its existence. 
"^ Cape Breton the animal must have attained to its usual great 
tensions, for a thigh-bone, now in the Provincial Miiseuin in Halifax, 
thougli apparently somewhat worn, measures three feet eleven inehea ' 
in length. 
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11. The Modem Pmoif.— Changes of Level. — In the Bnrveys of tli6 
Baie Verte CBnal, made by Mr. Page ander authority of the Dominiun 
Government, I (inil it atated in the report of Mr. BaiUargd, that between 
the Missaiiuuah River and Cumberland Creek to the north of the point 
where I have discovered the remarkable submarine forest of Fort Law- 
rence,+ etumps of treea were seen rooted in earth for more than half i 
mile along the shore, and extontling from low water mark to the bank. 
They are stated to be from 32.8 feet to 22.3 feet below the level of the 
highest tides. The surveyors recognized spruce, beech, pine and taniarac, 
all in a fair state of preservation, and rooted in a vegetable mould under- 
laid by a sandy subsoil. Tlie bed of stumps in gitu nt Fort Lawrence, 
noticed iti part II., page 122, and fully described in my "Acadian geology," 
is a still more interesting example. In my Keport on Prince Edward 
Island I liave noticed evidence of similar modern subsidence, though to 
a less amount. These faets place themselves in connection with the 
probability that in America, as in Europe, a period of continental eleva- 
tion succeeded the great Pleistocene subsidence, and has been followed 
by a depression in more modern times. This consideration seems to 
account for some otherwise anomalous facts in connection with the 
distribution of modem maiine animals. 



Note on the Cobbblatiok op the Geology of the Maritiii 

Provinckb with that of Ecbope.* 
As early as 1855, in the first edition of Acadian Geology, the author 
had indicated the close resemblance in structure and mineral productions 
of Nova Scotia and New Brunswick with the British Islands, and in 
subsequent editions of the same work, further illustrations were given of 
this fact. Recent researches by Bailey, Matthew, Fletcher, Ells and 
others, still more distinctively indicate this reeemblanee, as well as the 
distinctness of the Maritime Geology from that of the great interior 
plateau of Canada and the United States. In short, the Geology of the 
Atlantic margins of America and Europe is substantially the same, and 
distinct from that found westof the Apalaehians in America and in Cen- 
tral and Eastern Europe. In this fact has originated much of the difficulty 
experienced in correlating the geological formations of Eastern Canada 
with tliose of Ontario, of New York and Ohio, as weU as similar difficul- 
ties in Europe, which have led to much controversy and difference of 



* Abatraot of a paper in tlie Journal of the Gpological Society of Londoi 
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momt tgpical loealitiei. degcrihed ut " Aatifiati GiKlogj/ " or in R'porf* r>f ^H 
'fhologieal Surtyi/ of Canada. — ^H 


1 

J 
1 

I 


Saxicava Sand and Gravels. 

Led a Ciay. 

Boulder Clay or Till. 


Generalij distributed. 
Sear SL John, S. B. 
GeneraUy distributed. 


U pper Red Sandstone and Traps 
of Bay of Fundy. Upper Red 
Sandsiofies of P. E. 1. 


1 Coast of Basin of Minas and S. 
1 coast ol Prince YAwud Island. 


Upper Carb. and Permo-Cafb. 

Middle Carboniferous. 

Millslone Grit. 

Windsor Group. H=!*T 

Norton Group- |i ^1^ 


S. Pictou and coast of P. E. L 
Joggins, Pictou, Cajie BreWn, el«. 
Piclou, Colchester, etc. 
Windsor, SImbcnacadie R., etc. 

Hort«n Bluff, Hillsbomiigli, etc 


catsk.ii.{,-r^^?;^£^,, [1,, 

Chemung and Portage. ||| 
Hamilton. jlS?^ ' J||l 
Oriskany, Nictau Series. [i'-- 


.Scaumenac Bay, Gasp* Bay. 
Mispec, S. New Brunswick. 

Courtney Bay, near St. Jolin, X.B. 

Xictau, Nova Scotia. 


Lower Helderberg upper AriKnama. 
Niagara. New (;«««, a^ri*.. 

ClinlOn. Lo«rAT™i*8=rini 


Arisaig and East River, Pictou. 
New Canaan, S.M'. NewBninswick. 
Arisai}:. 


Cobeqyid Series? 
Graptolitic Shales of New Bruns- 
wick. 


Cobequid Alts., East R., Piolou. 
rN. New Brunswick. 


Upper Cambrian. {"t^'T^^^- 
Middle Cambrian. "(a-T^'^!!. 
Lower Cambrian. |Ati»ii,c««aB- 


Southern Cape ISretou. 
fSt. John, New Brunswick. 
|.AtlauticcoBSt,Canseau to Yarmouth. 

Basal series, near St. John, N.B. 


Felsitic, Chloritic. and Epidotic 
Rocks of St. John, Yarmoyth, 
and Cape Breton, in part 


1 St. John, N.B and eastward, Bois- 
1 dale Hills, C.E. 


Gneiss Qijartzite and Limestone 
of St. John and St. Anne's 
Mountain, Cape Breton. 


(Sonthem New Brunswick and 
l' Northern Cape Breton. 


^ ' ._ 
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The marine beds described by Mr. Matthew at St. John are precise 
equivalents of the Clyde beds of Scotland, as ore the upper shell-bea^ 
itig beds of Prince Edward Island and Baie des Chaleurs of those in 
Aberdeenahire and other parts of Scotland, and the Uddevalla beds of 
Sweden. The boulders drifted from Labrador to Nova Scotia were tSe 
representatives of those in Europe scattered southward from Scandinayia, 
and the local drift in various directions from the hills was the counterpart 
of that observed in Great Britain. The survival of Mastodon Amenatmif 
in Cape Breton, to the close of the Pleistocene, is a decided American 
feature, and so is the absence of any evidence of Pleistocene man. 

In so tar, therefore, as palieontology and the subdivisions of systems of 
fonnations is concerned, the geology of the Maritime Provinces \s 
European, or perhaps more properly Atlantic, rather than American, and 
is to be correlated rather with the British Islands and Scandinavia than 
with interior Canada and the United States. The latter country, even 
on its eastern coast, possesses a much less perfect representation o( these 
Atlantic deposits than that in the Maritime Provinces and Newfound lanil, 
though the recent studies of Crosby, Dale and others, are developing new 
points of this kind in the geology of New England, and Hitchcock and 
others have shown that the New Brunswick Geology extends in Maine. 
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Coiisp-'ctiia of Geological Formations in the Acadian Region, with 
moim tijpiecd loealitiM, descriiie'l in "Acadian Geoloffi/" or in Reports of 
^eologiral Sur-vey of Canada. — 



: 


Saxicava Sand and Gravels. 
Led a Clay. 
Boulder Clay or Till. 


Generally distributed. 
Near St, John, N. B. 
Generally distributed. 


1 


Upper Red Sandstone and Traps 
of Bay of Fundy. Upper Red 
Sandstones of P. E. 1. 


Coaflt of Basin of Minas and X. 
const of Prince Edward Island. 




Upper Carb. and Permo-Carb. 
Middle Carboniferous, 
Millstone Grit, 
Windsor Group. "| =**| 

Norton Group. i ". =■ 


N. Pictou and coast of P. E. I. 
Joggins, Pictou, Cape Breton, etc. 
Pictou, Colchester, etc. 
Wiudsor, Shubenacadie R., etc. 

Hortou Blutf, Hillsborough, etc 


1 


Catskill.d^.T^-e-'h".^). i 
Chemung and Portage. = 

Hamilton. {ISS''"" "l^P 
Oriskany, Nictau Series. U ' = 


Scauraecac Bay, Gaspi Bay. 
Miapec, S. New Brunswick. 

Courtney Bay, near St John, KB. 

Nictau, Nova Scotia. 


\ 


Lower Helderberg upiwiAiiiiiiiSeriiB, 
Niagara. n.w CBu«n a™». 

ClinlOn. LswetArlBUgBerlHi 


Arisaig and East River, Pictou. 
New Canaan, S.W.NewErunswick. 
Avisaig. 


\ 


Cobequid Series? 
Graptolitic Shales of New Bruns- 
wick. 


Cobeqiiid Mt9., East R., Pictou. 
[X. New Brunswick. 


I 


Upper Cambrian, TlfSr^- 
Middle Cambrian. [ Ao«dLan Sfri« 
Lower Cambrian. {5^"„tS''lf.tir 


Southern Cape Breton. 
fSt. Joliii, New Brunswick. 
\Atlanticcoast,Canseau to Yarmouth. 

Basal series, near St. John, N.B. 




Felsitic. Chloritic, and Epidotic 
Rociis of St. John, Yarmouth 
and Cape Breton, in part 


\St. John, N.B. and eastwanl, Bois- 
1 dale Hills, C.B. 


^ 


Gneiss. Quartzite and Limestone 
of St. John and St. Anne's 
Mountain, Cape Breton. 


i Southern New Brunswick and 
'( Northern Cape Breton. 



II. THE CANADIAN EEGION PROPER. 
{Quebec and Ontario.) 

This region in its eastern part consists of the Siluro-Canibviau and 
Silurian valley of the Lower St. Lawrence, extenJing from Anticoati and 
Gaspe to the Thousand Islands, with portions of the folded rocks ol ths 
Apakchians in the Eastern Townships of Quebec in the south, and of the 
great Lniireutian nucleus of the North American continent in the north, 
These features belong mainly to the Province of Quebec. In the west- 
ern or Ontario section it consists of the northern margin of the greil 
palffiozoic plateau of the interior of North America along with a wide 
area of Huronian and Laurentian country to the northward and westwari 

"We thna have in the Provinces of Quebec and Ontario the following 
geological districts :■ — 

1. The southern portion of the great Eozoic (Laurentian and Huron- 
ian) nucleus of Northern Canada, separating the valley of the St 
Lawrence and the Great Lakes from the Arctic Basin. 

2. The hiliy and broken wgion of Siluro-Cambrian and Cambrian and 
Pre-Cambrian rocka extending through the south-eastern part of Quebec 
from Gaspe to the United "states boundary and constituting a north-east- 
ern extcneiOQ of the Apalachian and C men mountain ranges. 

3. The Siluro-Cambrim pUiii of the Lower St. Lawrence, east of the 
Thousand Islands, and occupied principally by slightly inclined formations 
ranging from the Potsdam lanistone to the Hudson River series, inclusive, 
with some limited areas of SiJunan beds and occasional masses of igneous 
rock of Silurian date. 

i. The Palteozoic plain of Ontario, consisting of nearly horizontal beds, 
of ages ranging from the Potsdam to the Upper Erian inclusive. 

As these districts have in Part II. been taken as types of the Eozoio 
and older Palagozoic Periods, and as they have been described with 
much local detail in the " Geology of Canada " by Sir W. E. Logan, and 
in Reports of the Geological Survey, it will not be necessary to treat of 
them very fully in this place, but their great leading features will ba 
given, with reference to the above mentioned works for details. 

1. The Archean or Eozoic district occupies the north shore of the Gulf 
and River St. Lawrence, with a few marginal patches of Silnro-Cambrian, 
from the Straits of Belleisle to Quebec. Below Quebec the margin of 
the Laurentian area begins to recede from the Stu Lawrence and to leava 
a gradually widening hand of flat Siluro-Cambrian rocks between lie 
Tiver and the Laurentian hills as far as the confluence of the ( 
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It then follows the valley of the Ottawa to the westward. 
.bout 100 miles west of the confluence of the Ottawa with the St. 
.wrenue it ia suddenly deflected to tiie south-east, nnd crossing the 
It. La^Trence in a low and narrow band at the Thousand Islands, connects 
IBS by an isthmus the main Laureatiau district with the great peninsular 
of the Adirondack mountains in New York, in which the Laurentian 
^Tocks attain tjieir greatest altitude, Mt. Marcy being 5,400 feet in height. 
iWest of tha Thousand Islands the soutlierii bouiiilary of the Laurentian 
^nd Huronian strikes westwardly across Ontario, till it reaches the 
Georgian Bay of Lake Huron, whence it sweeps in a bold curve, bordered 
part by Cambrian and Huronian rocks, around the north shore of Lake 
Superior. Beyond the western end of that great lake it turns to the 
north-west and skirting the west side of I-ake Winnipeg runs into tha 
Arctic region. In this district are the most important deposits of 
Magnetite, Hematite, Apatite and Graphite, mined in Quebec and 
Ontario, and also valuable quarries of granite, marble and mica, and 
deposits of copper and silver. The Laurentian area is on Georgian Bay 
and the North shore of Lake Superior, fringed and partly covered with 
and Keweuian rocks. Tiie typical Huronian of Logan is that 
on the north of Georgian Bay. (See Part II.) 

2. The second district, that of the Eastern Townships of Quebec and 
ence to Gasp6, is principally characterized by tha prevalence of the 
Quebec group of Sir William Logan, consisting of black, gray and red 
shales, sandstones, and coarse limestone conglomerates, with some bands 
of limestone aud dolomite. Originally a peculiar sub-marginal formation 
belonging to the Atlantic basin, these beds have been greatly folded and 
idisturbed and broken off by faults from the undisturbed plateau forma- 
tions to the westward. Tlieir age, as indicated by fossils, ranges from that 
of the Potsdam to tlie Chazy, though the greater part would seem to 
ig to the lower part of the Siluro- Cambrian and to be equivalent to 
the Upper Calciferous and Chazy of the inland plateau. 

As the question of the special character of the Quebec group ia of 
&iportance to the understanding of the geology of the whole region, it 
Jofly be useful to give from a note contributed by the author to Hanrington'a 
Biography of Sir William Logan (1883) the following explanation, with 
■ideal sections intended to illustrate it. — 

There seems to have occurred, before the Siluro- Cambrian age, an 
elevation of the Laurentian nucleus of the American Continent which 
,eauHed either an absence of deposit or very shallow water deposits over 
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.the greater part of tlie area of North America, while thick de 
laid down on the Atlantic border. This difference and ita 
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represented in the Section, Fig, 172(1.) Toward the clos 



Cambrian period there followed on tlio previo 



inequal elevation and 
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iepression, one of the great cniraplings of llie oruat of tlie enrtli, which 
-CTushed the thick and then soft deposits of the Atlantiu hunter Aitainst 
tihe edge of the inland Laurentiati area, producing foldings, Hoxuroa, Inteml 
Uinists and reveised faults in these marginal depo?ita, but leaving Iha 
.■thinner beiUon the Laurentian plateau comi»rativeIy undiBliirbed, Tliiia 
■^vas produced the atateof things represented in Fig. 172(2), whieli shows 
the present condition of .the Qtiehec group strata. Tlia hitds ut iho 
<^uebec Series which represent a portion of the Atlantic di)]>osita of tha 
period, formed in comparatively deep and cold water, and cniitaiuin(( 
remains of a fauna suited to such conditions, were thrust aj^ainst Iho 
laurentian platean and the flat beds of the inland Potsdiiiu, Ciiluiforoua 
and Chazy, and piled up in gigantic earth-waves. Lastly, the subeeriiieut 
denudation has sculptured these folds ami has probably, in somti dunmiod 
anticlinals, exposed portions of older Cambrian and Iluroniaii rocks. 
This is also shown in the section. 

With these typical Quebec Group rocks, which are clinracterisod by 
abundant remains of TrilohitHs, Graptohtes and Sponges, there aro 
lociated altered rocks originally classified by Logan as metamorphosed 
members of the Quebec Group, but now regarded by Dr. Selwyn as 
Cambrian and Pre-Cambrian. The latter aro thus described by him ;— * 
" The Palfflozoic rocks lie unco nforni ably on or against an axis of 
Pre-Cambriau sub-oty stall ine rocks, hydro-mica slates, quartzites, crystal- 
line dolomites, diabase, giibbro, oliviiiite, serpentiiie and volcanic 
agglomerates, the lowest beda of the axis beuig micaceous and granitoid 
gneisses. Many of these volcanic agglomerates and diabases are now 
serpentines. This lower portion of the Quebec group is defined on the 
geological map and colored as Pre-Cambrian. It extends from Sutton 
Mountain, on the Vermont boundary, to a point some miles north of the 
latitude of Quebec city, where it becomes covered by the uiiconfornmhle 
junction of the Levis formation with the Siluro-Devonian rocks of the 
Gasps series. To the north-east it again appears in some of the prominent 
peaks and ridges of the Shickshock Mountains, the northern flanks of 
which are occupied by tlie Cambrian and Can ibro- Silurian formations of 
the Quebec Group, and the southern by those of the Siluro-Devonian 
system above referred to, as being in contact with tbe former a abort 
distance to the south-west of the mountains. " 

" .Similar Pre-Ciunbrian rocks form also several subonlinate ridges to 
the south-east, and as in the main axis, tbey are everywhere characterized 

•DegcriiitiyeBkeWhofGeulogy of Canada, 1884. 
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latltes, mognetib!, 1 
for tlie most part, I 



by the presence of sulphuretted copper ores ; aJso hematites, i 
cliiomic ironaiid ores of antitnoay. The magnelite is, for the most pi 
economicnlly unuvftikble on account of the high pevcentaf^e of tilmiic 
acid. The soap-stone, pot-atone or mica-rock, serpentine and asliestos, 
described in tlie Geology of Canada,, also Ijalong to the Pre-Cambrian 
belts. One of these belts crosses tho St. Francis River between 
Sherhroolta and Leimoxville. It constitutes the high ridges known ria 
the Stoke Mountains, between Lake Massaivippi and Little Magog, mi 
in it are the most eKteusively worked copper mines of Canada. Ko 
fossils of any kind hove yet been found in the rocks of these belts, mi 
they are presumed to belong to the Huroniau System, not only beonnse 
of the geological position which they apparently occupy, but also on 
account of their close correspondence with it in physical aspect, and in 
mineral and lithological characters," 

In this region are granites of Devonian age, trappean masses of Silurian 
age, and probably still older igneous rocks, some of them associated witli 
large masses of serpentine, and the Siluro-Canihriaii rocks are in places 
altered into hydro-mica schists and graphitic slates. 

In this district are the valuable copper mines of the Eaalern Townships, 
the gold deposits of the Chaudicre, &c., and the deposits of Chrysotile or 
fibrous Serpentine usually named Asbestos and now extensively worked ; 
also quarries of granite and marble. 

3. Tiie third anil fourth districts are characterised by the prevalence 
of undisturbed membera of the Siluro Cambrian, Silurian and Erian 
systems. The first mentioned system prevails in the Province of Quebec 
where its ordinarily flat surface is broken by abrnpt eminences of igneous 
rock ejected at the close of the Siluro-Cambrian, and affording excellent 
opportunity for the study of intrusive rocks and tiie remains of ancient 
volcanic vents, in the hills of Rigaud, Montreal, Montarville, Beloeil anii 
Monnoir, Rougemout, Yamaska, Btome and Shefford. These hills form 
a line of ancient volcanoes extending across tho Siluro-Cambrian plain 
for a distance of 90 miles. 

The Siluro-Cambrian occupies the north side of Lake Ontario, but at 
the head of the lake it is covered by the Silurian, the thick liraeatonea 
of which form t!ie great Niagnra escarpment, which is so prominent a 
geographical feature in the Lake region, and gives origin to the fall of 
Niagara, In Western Ontario, between Lakes Huron and Ontario, the 
Silurian is overlaid by the Elian or Devonian, of which in this region the 
Oriskany sandstone, the Cornifcrous limestone, remarkably rich in siUcified 
corals, and the Hamilton shales, are characteristic features. 




QUEBEC AND ONTARIO. 167 

The Piilseozoio rocks of tliese districts hnviiig bean nlreody noliceJ in 
Part n., it will be ueceasnry here only to refer to the geographical dis- 
tribution and most characteristic exposures. 

The oldest CambriaD rocka are represented in tbe third district only by 
the Georgia series, which enters into Canada and occupies a limited space 
in the vicinity of Phillipshurg, ami haa been described by Mr, Billings.* 
The Potsilain sandstone in this district usually rests directly on the 
Laurentian, all the older groups being absent, It consists of siliceous 
sandstone often indurated into quartzite and showing ripple-marked 
surfaces. TJie prevalent fossils are the cylindrical perforations, usually 
tortuous and sometimes branching, known as Scolillnia Canatleims, and 
on the surfaces of some of the beds are the crustacean footprints named 
Proiichnifes. Beds of conglomerate occur locally. The Potsdam covers 
con side rable portions of Huntingdon, Chateaugnay, Benuharnois, 
Soulanges and Vandrenil, and skirts the Laurentian on the Lower Ottawa 
and in places as far c;ast as the St. Slanrice Eiver. In the vicinity of 
Montie.nl it is well seen at St. Anne's, Yaudreuil,' BeauliBrnois, and at 
TariouB points on the Ottawa River. 

The Culciferous, a formation consisting laigely of dark-col on red impure 
dolomite, immediately overlies the Fotsilam and in places graduates into 
■it. It covers considerable areas adjoining the Potsdam in Huntingdon, 
etc, and is well seen at St. Anne's, near Montreal, near Beauhamois and 
Lacbute. In these places it affords several characteristic fossils, as 
OphUeta compaela, Mnrchisonia Anna, Piloe«raii amplunt, Oi'tlioeeraa, 
etc. The Calciferous is regarded as a contemporaneous formation with 
the oldpr paiis of the Qnebec Group, and notably with the Dictyonema 
beds of ilatane and Cape Rosier. Rocks of this age also skirt the 
3janrentian on the north shore of the Gulf of St. Lawrence at Mingan 
and elsewhere. 

I'he limestones and shales of the Stluro-Cambrian series occupy the 
greater part of the remainder of the Lower St. Lawrence plain, forming 
a broad belt on both sides of the St. Lawrence, and also occupy the 
country between the Lower Ottawa and the former river. This system 
inaludes all the formations from the Chazy to the Hudson River, inclusive, 
lUid in the district in question the Trenton and Utica formations occupy 
the widest areas, with patches of Hudson River superimposed, and a 
margin of Black River and Cliazy limestones between them and the older 
rooks. These formations are well seen in the quarries am! other excava- 
tions in the vicinity of Montreal anil Ottawa. 



iKigy of Canada, p.aaa.et. seq. Hee also Walcott, Repta. of U.S. Geol. Survey. 
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A Bmall patcli of Silurian limestone of Helderberg age a 
lelanil of St. Helen, nt Montreal ; and there are good exposures of 
Silurian rocke, sorao of them rich in characteristic fossils, on the north 
side of the Bniede Chaleurs, and on thesouth side near BalfaouBle,iuid also 
in the Peninsula of Gaape. There are also considerable areas of Silurian 
rocks, in some places altered and with slaty structure, in the hilly country 
extending southwardly from Gaspe, on the confines of Quebec and New- 
Brunswick. 

AnticDsti exhibits on its south side a large area of limestones of the 
lo\yer part of the Silurian, rich in characteristic fossils, while the north- 
ern part of the islimd has a belt of Hudson River rocks, and these seem 
to pass upward gradually into the Silurian. 

The Brian or Devonian series ia represented in this district only by the 
Gasp^ sandstones, rich in fossil plants, while the lower beds of the Carboa- 
iferous occupy a limited area on the north side of the Baie des Chaleurs, 
No geological system later than the Carboniferous has been recognised in 
tbe district except the Pleistocene. 

The Pleistocene deposits are spread over nil the lower parts of the 
Provinces of Quebec and Ontario, and consist of marine beds in the 
valley of the St. Lawrence, with eridenees of local glaciers on the hills. 
The prevailing direction of drift is from the north-east, and on the hills 
south of the Lower St. Lawrence there is evidence of movement of 
material from the high grounds both to the north and south.* 

In the St, Lawrence Valley these deposits may be tubulated as follows, 
in ascending order :— 

faj Lower Btratifiad sanda «Dd graveUl 'T'"*' represent land aurfacas and aaa 
(Syrteaaian dapo«ta oi Matthew), t^^ <="*"* ""^ immedmtely antorim W 
) the Boulder-clay period. 
(bj Bnulder-clay or Till ; hard clay, oc'\ Tile Lower St. Lftwcance region holdi 
utiHtratitied satid, with bouldere, afewmarineshellaiif Arcticspecies. Far- 
local and travelled, and atonea often tlier inland it ia non-foBsiliferoua, but lia« 
Btriated and [lolished. It rests on usually the cliBmical charactara of a marine 
striated surfaces, J deposit. 

fc) Lower Leda clay; fine clay, often! Holds Leda {Poiilandia) antim, and 
laminated, and with a few la rgB | aumetimeg Teltimi gi-ornlaiidiea ; and 
traveUed houlders, probably equiv- 1 seems to have been deposited iu very culd 
alent to Erie clay of inland diBtHcta, J and ice-laden water, 
(a, Upi«ir Led. tl.7, .»d ,™b,bl5- Sin.-, HoU.i. liuKra C.n«ta.m.rin, luu 
BMi cl.y »1 inlMd d„mcl. ; qI.j 5^,^,.^^ ^^ ,j,, ^, ,j, ,„„„,„ ^^ „, 
.«d uindy tl.y, ,n th, Ln™ St, ,^, |,^„ ^, g, l.,™„„. „ ,„„„, , „J 
L.»tmte, •■til mmm,i. ""im ,„,.„j ,,„^, „„;„ „, i.^, j„^ 
ehelU. J 



' ChalmerB, Trans. R.S.C. The Author in Canadian Record of Si 
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(e) Saxioava sand and gravel, often with-, Shallow- water fauna of boreal Gharac- 
numeroua travelled bnijIdflr9(Upi»r(_|.g^^ ^^^ eB[ifcially Saxkava rogoea and 
Boulder deposit), probably tlie same I j^^ varieties. Bones of Wholes, etc. 
withAlKomasand.BtCDfbheWeatJ 

f/J Puat-GlaeialdBposita,riveralluviaaQd1 Ren^jng „( Sfailodon and E/epkai, 
gravels. Peaty depoaitf. Lake bot- Uodeni fresh-water shells. 

All of these deposits arc seen in the vicinity of Montreal. 

1 lowav Boulder-cky (c) is often a true and very hard Till, resting 
on intensely glaciated rock-surfnees, and filled with stones and bonlders. 
■Where very thick, it can be seen to have a rude stratification. Even 
when destitute of marine fossils, it shows its submarine necuniulation by 
e unoxidized and uuweatheteil condition of its materials. The stiiEo 
beneath it, and the direction of transport of its boulders, sliow a general 
movement from N.E. to S.W., or up the St. Lawrences Valley from the 
Atlantic. Connected with it, and apparently of tlie same age, are 
i^dences of local glaciers descending into the valley from the Lanrentian 
iiighlands. 

The boulder clay and superScial dej}osits of the basin of the great lakes 
MO of similar character, but they are destitute of marine siiells, contain 
3and plants in the beds corresponding to the Leda clay, and are surmounted 
n places by old lake margins evidencing a former greater extension of 
he lakes. 

In the Ontario Region the Pleistocene and moilem formations, which 
nay for comparison be noticed here, have been divided as follows ; — 
(6) Boulder clay, 
(c) Erie clay. 

{(I) Saugeen clay and sand, 
(e) Arteraesia gravel and Algoma sand. 
(/) Recent alluvia, 
which correspond in a gener.il way to the beds designated by the same 
letters in the preceding table. 

The Lower Leda clay (cl) seems in all respects similar to the deposits 

low forming under the ice in Baffin's Bay and the Spitzhergen Sea. 

L The Upper Leda Clay represents a considerable amelioration of climate, 

a fauna being so similar to that of tlie Gulf of St. Lawrer.ce at present 

I that I have dredged in a living state nearly all the species it contains, off 

a coasts on which it occurs. Land plants found in the beds holding 

eae marine shells are of species still living on the north shore of the 

I. lawrence, and show that there were in certain portions of this period 
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coBsiderable land surfaces clothed with vegetation. Tiie "Upper LeJs 
Clay is probably coiitemporaneona with the so-called inter-glacial deposits 
holding plants and insects discovered by Hinde on the Ehores of Lalie 
Ontario.* On. the Ottawa it contains land plants of mndern Canadian 
species, insects and feathers of birds, intermixed with skeletons of capdin 
and shells living in the Gulf of St Lawrence. 

The changes of level in the course of the deposition of the Leda cisjs 
must have been very great ; fossi life rows marine deposits of this sgf 
being found at a lieight of at l^ast 600 teet, and sea-beaches at a much 
greater elevation, while at other times there must have been large hnd 
areas and even fresh-water lakes. Littoral gravels and sands of tliie 
period may also be un distinguish able, except by their greater elevation, 
from those of the Saxicava sand. I have recently described the bones 
of a large whale (Megaptera lotiffimana) from gravel north of the outlet 
of Lake Ontario and 420 feet above the level of the sea, which is uot 
improbably contemporaneous with the Leda clay of lower levels, mi 
much higher than deposits near Lake Ontario regarded as of lacustrine 
otigin.f These changes of the relative levels of sea and land must \x 
taken into account in explaining the distribution of marine clays and 
sands, boulder deposits, etc., which are often studied merely with reference 
to the present levels of the country, or as contemporaneous deposits with- 
out regard to their elevation, a method certaia to lead to iuaccnraU 
conclusions. 

The Saxicava sand (/) indicates shallow-water conditions with much 
driftage of boulders, and probably glneiera on the mountains. It con- 
stitutes in many districts a second Iwulder formation, and possibly implies 
a somewhat mow severe or at least more extreme climate than that of 
the Upper Leda clay. Terraces along the coast mark the successive 
stages of elevation of the land in and after this period. There is also 
evidence of a greater elevation of the laud succeeding the time of tbe 
Saxicava sand, and preceding the modern era.| 

It is well known that very diverse theoretical views exist among geo- 
logists as to the origin of tlie deposits above referred to. The conclusions 

• ProceediDgB of CHDadisii Institute, 1877. ' Dr. Hinde in this paper etates tbU 
the Leda clay belongs tn tlie " close ot the Glacial Period," and that boulder-drift a 
not found above it. In truth, hnirever, oa Admiral BayGeld, Sir Cbarlea Lyell, and 
the writer liave showu, buulder-drjft ia still in (iruKreas in the Gulf and Kivar St 
Lawrence, thoug-h in a more limited area than in the Pleistocene period ; but anycon- 
uderable subsidence of the land might enable it to resume its foruiar exteosion. 

tCauadian Naturalist, vol. a. No, 7. 

J Supplement to Acadian Geolnny, 3rd edition, pp. 14, et. si 
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which have been forced upon the writer by detailed studies extonding 
over the last forty years, are that in CanaJa the condition of extreme 
glaciation was one of partial Huhmergence, in which the valleys were 
occupied by a sea laden with heavy fielil ice continuing throughout the 
summer, while the hills remaining above water were occupied with 
glaciers, and that these conditions varied in their diatrihation with the 
varying levels of the land, giving rise to great local diversities, as well as 
to changes of climate. There seems to be within the limits of Canada no 
good evidence of a general covering of the land with a thick mantle of 
ice, though there must at certain periods have been very extensive 
glaciers on the Laurentian axis and in the mountainous regio&B of the 
west. It does not, indeed, seem possible that, under any conceivable 
meteorological conditions, an area so extensive as that of Canada, if exist- 
ing as a land surface, should receive, except on its oceanic margins, a 
aufficient amount of precipitation to produce a continental glacier. 

Details oji some of the above mentioned formations will be found in my 
"Notes on the Post-Pliocene of Canadn," and a large amount of recent 
information exists in the Reports of the Geological Survey of Canada, 
and in papers published in the Canadian Naturalist and Geologist, and in 
the Canadian Beeord of Science, 

4. The Western PaiaMzoic district exteiids to the south-west of the 
Thousand Islands in the St. Lawrence valley, and includes the north 
shore ot Lake Ontario, between Lakes Erie and Huron, and the Peninsula 
«iteu<Iing to Cabot's Head and the Great Manitoulin and its associated 
islands. 

In this district the Niagara limestone forms a well marked escarpment, 
«xtending from Niagara Falls westward and northward to Cabot's Head 
and Manitoulin Island. On the east of this the country nort)i of Lake 
Ontario is occupied by the formations from the Hudson Kiver to the 
f otsdam, incluaivej while to the west the peninsula between Erie and 
JBuron ie occupied with the upper members of the Silurian and the Ertan. 

All the formations of this district are of similar type to those of the 
interior plaleau region of North America, commonly known as the New 
York type of the Palieozoie formations. 

The Potsilam sandstone is not very extensively distributed, except in 
the eastern part, but the exposures of the upiier layers at Beverley is 
remarkable for its fine specimens of Liwjida acuminata, and a quarry near 
Perth has aflbrded some of the finest specimens of the tracks known as 
Protiettnitee and CUmaciichnitea. In b, great part of this district the 
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older beda seem to have been overlappeJ by the extenflion of tbe Sihto- 
Cambrian liraeBtoiiea, whose outirrop crosses in a broad band from Kings- 
ton to Geor^HaD Day and has on its south-weBt side a wide area of Uliai 
and Hudson River beds. The Trilobites Asaphius Canadeneig and species 
of Triarthrm seem to be specially characteristic of this district, and llie 
former occurs abundantly at Collingwood as well aa neat to Ottawa, where, 
however, the Trenton limestonais well exposed and abounds in characttr- 
iatic fossils, eapecially in crinoida. At various places near Toronto the 
Hudson River beds are well exposed. On the Don and Huiuber, 
Leptaena serieea, Modiolopsie modtolaris, Ambonychia radiata, Pterinea 
demiiea and Orthoceras crebriseptum are characteristic species. Farther 
west, in Mauitoulin Island, the corals Petraia eorniculum and Faeiiklh 
efellala are very abundant. 

At the western end of Lake Ontario the Medina sandstone, constitut- 
ing the base of the Silurian, spreads somewhat widely on the lake shore, 
and toward the foot of the escarpment of Hamilton, where it presents n 
tliickne.sa of about 600 feet of red ami gray sandstone and marl. In ita 
westward extension to Georgian Bay it thins off and disappears. Two 
characteristic fossils are the tracks Arlhricknites Harlani and the brachio- 
poJ lAngtHa ctmeata, an Orthoceras (0. raultisejttum) occurs rarely and 
a few laniellibranchiate shells (Modiolopisis.) 

Tlie great escarpment west of Hamilton and extending to Cabot's 
Head aiid by which the falls of Siagara are produced, exhibits the 
Clinton group and the Niagara shale and limestone. At ihe falls of 
Niagara thick beds of Dolomite and dolomitic limestone constitute the 
most prominent features ; and the most abundant fossils are Stromaio- 
porae, but below the falls and near Hamilton as well as in many other 
localities along tbe escarpment, numerous fossils have been found. Adijlo- 
epongia and other sponges, Favoaites Niagarengis and other corals, Pen- 
tameriis oblonffus, Spiriftr Niagarenris, different species of Dicfgonema 
and other graptoiites, Oali/mene Niagaremis and Dalmanitas limularus 
are characteristic. 

The Guelph formation is peculiar to this district, and is a dolomite 
containing a special fauna belonging apparently to a land-locked sea, and 
in which the bivalve Megalomiis Canadensis aud the curious Bracbiopoda 
of the genua Trimerella are characteristic. Good exposures occur near 
Guelph aud at Elora, where many forms of Stromatoporae occur with 
other fossils. 

The Satina or Onondaga salt group is well developed. Its outcrop 
extends from the Niagara River above Ihe falls to Lake Huron, and it 
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containa valuable depoaita of rock salt and gypsum. Its Btmcture has 
been noticed in the previous part and it undoubtedly matke a ])erioii of 
continental elevation and dessication, separating the Silurian period into 
two portions. (See section at GodericU in Part II., p. SO.) The Upper 
r Helderberg member of the Silurian is not largely developed in tliia 
■district, and is especially characterized by tlie Merostomatous crustacean 
EiirypleitM reviipea. 

The Oriskany Bandatone constitutes tlie base of the Erian deposits, and 
is hero as elsewhere rich in Spiri/er arenomis, Renssullaria ovaiia and 
several species of Favontes. Many of its species are identical with those 
of the Upper beds of the Silurian, but Etiaii fossils rather preponderate. 
It may, however, be regarded as a transition group between the Silurian 
and Erian. The outcrops of this and the foUowinj; series occur in suc- 
cession, crossing the peninsula between Lakes Ontario and Huron. 

) Corniferous formation is one of the most remarkable in the dis- 
trict in a palseontological point of view. It is especially rich in silicifiod 
corals, which exhibit in perfection, unequalled elsewhere, the profusion 
of fossils of this kind in the Eriaii seaa. Billings baa described a large 
number of species of corals from this formation, wliich also abounds in 
Brachiopod shells. Among the corala are species of Favosites, M-ichdlena, 
FistuUpora, Zaphreniin, Ct/eiipki/Uum, Haimeophyllum, PhiUipsaatrm, 
Syringopora, EridophyUum, etc., and among the Brachiopods are spcciea 
of Slrtiphomena, Chonetea, Leptoeodia, Streptor}ii/nchii», Orthis, Rhyncko- 
ndla, Penlamerm, Strickland inia, Spiri/er, Alhyris, Charionella and 
Centronell M y th f If other types alao occur. 

The H Ito h lea t i aucceasion, and it ia from borings in 

these sbal d esp Uy 1 anticlinal bends of the strata, that the 

petroleum f tl P f t rio is chiefly obtained. The Hamilton 

shaleaaff d yf 1 hi f r the most part are identical with those 
of the C f b t f ma, as Spirifer mucronatim and Atrypa 

reticulmit, p Uj 1 d t and characteristic. 

The upp b f th E an, the Portage and Chemung groupa 

of the U t 1 Stat ly 1 iderly represented in Ontario. Kettle 

Point in L k H P Uy remarkable for beJa of bituminous 

i shale fill d th th m p of Khizocarps known aa Sporatiffiiea 
Huronenm. d h b t mp obably indicate the character of the 

vegetatio f m h 1 th p t leum of the Erian has been derived, as 
remains of th q t pi t 1 und throughout the Erian formationa. 

No lat f t thia district except the Pleistocene and 

Moderu, lib b Id' mentioned. Spencer has ascertained 



1 



174 CANADIAN GEOLOGY. 

that many of the peculiarities of the great lakes may be accounted for 
by warping, or unequal elevation of the land in and since the Pleistocene, 
and it is now known that these great sheets of fresh water have been 
dammed up partly by unequal elevation but more by filling of their old 
outlets with Pleistocene deposits, so that they are very modern features, 
and their basins must have been excavated before the Pleistocene, and pro- 
bably at a time when the land was more elevated than at present. 

Bones of the Mastodon and of a fossil Elephant — Euelephas Jacksoni 
— have been found in Post-glacial gravel and peat in the vicinity of 
Lake Ontario. 
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Comi>edm of Geologieal FomialionE in the Canadian Re-jion, kiIIi | 


Typical, Localities, ihtieril>ed in 


Repoiit of the Geologieal Survey. — 


Quatefnary, Saxicava Sand 


1 Vicinity of Montreal, Eeauport, near 


Led a Clay. 


- Quebec R. du Loup. (In Ontario 


Bouider Clay orTill 


J Erie Clay and Saugeen sand. 




Baie des Chaleura. 


Devonian, Catskill. 


Gaspe Boy, Scaumenac Bay. 


" Chemungand Pottag€ 


. Kettle Point, Lake Huron. 


" Hamilton, including 


\ 


Matcelius and Ge 


-Western Ontario, WiJder, etc. 


nesee. 


J 


" Corniferous or Uppe 


] 


Helderberg. 


.N. Sliore- of Lake Erie. 


" Oriskany. 


) 


Silurian, Lower Helderberg. 


St. Helen's Island, near Montreal. 


Salinaor Onondaga. 


Godericb, Ontario. 


■> Guelph. 


Guelph and Gait, Ontario. 


" Niagara. 


Niagara Falls, vicinity of Hamilton. 


Clinton. 


Manitoulin Island, Kiagara, etc. 


Medina and Oneida. 


HamiJton, etc. 


Siluro Cambrian, Hudson R. 


Clianibly, Toronto, etc. 


'■ Utica. 


(Near Montreal and Ottawa ; Wliitby, 
\ Ontario ; CoUingwood, Ontario. 






rXear Moutteal, Point Claire, Caugh- 


" Trenton. 


1 na waga, Belleville, Kingaton, Ottawa. 


Chazy. 


1 (Quebec group — Levis and S. Shore 




I L. SL Lawrence.) 


Cambrian, Calciferous. 


fSt. Anne, Beauharnois. 
\Matane, Cape Rosier, etc. 


Lower Cambrian, Potsdam. 


St. Anne, Perth, etc. 


" ■' Georgia. 


Phillipsburg. 


" " Keweentan. 


JIainianae, Lake Superior. 


Animikie. 


Port Arthur, and vicinity. 


Eozoic or Archaean, Huronian. 


N. Shore, Georgian Bay. 


" U. Laurentian. 


St, Jerome, Bay St. Paul. 




Lachiite, Gronville, Calumet, Petite 
Nation, Buckingham, JI. Shore Lake 


" M. & L. Laurentian 


, 


Superior. 
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III. THE REGION OF MANITOBA AND THE NORTHAVEST 
TERRITORIES. 

Tile following account of this region ia derived almost wholly from 
papers and reports of Dr. G. M. Dawson, F.G.S., ete. — 

Physical Gbographt. 

The norlbem part of the North American continent ia geologically, and 
to a great extent also physically, divisible into two great povtions. In 
the first, extending from the Atlantic coasts to the Bouth-easterii edge of 
the Laurentian axis,^which ia marked by a chain of great lakes stretch- 
ing from tliQ Lake of the Woods to the Arctic Ocean, — the Archtean 
plateau is the dominant feature, the succeeding formations arranging 
themselves about ita edges or overlapping it to a greater or lesa extent in 
the form of bays or inlets ; but, with the single exception of limited 
tracts of Triassic cocks, no mesozoic or tertiary strata are represented in 
it. In the second, stretching westward to the shores of the Pacific, the 
Archfenn rocka play a very subordinate part, and Mesozoic and Tertiary 
rocks are abundantly represented and alone charaeberize the whole area 
of the great plains. Correlated with the difference of age in the forma- 
tions represented, is the fact that at a date when the flexure and disturb- 
ance of the eastern region had practically closed, and it was set and firm, 
the western Cordillera belt contiuued to be the theatre of uplift and fold- 
ing on a gigantic scale. 

The great region of plain and prairie which occupies the central part 
of the continent is on the 49th parallel of north latitude, included in 
longitude between the 96th and 114th meridians. It narrows pretty 
rapidly northwards, hy the encroachment on it of ita eastern border, but 
continues as a great physical feature even to the shore of the Arctic 
Ocean, where it appears to have a breadth of between 300 and JOO miles. 
Beyond the North Saskatchewan River, however, it loses its essentially 
prairie character, and with the increasing moisture of cliniatc, becomes, 
with limited exceptions, thickly covered with coniferous forest. 

The north-eastern boundary of this interior continentul plateau, uortli 
of latitude forty-nine, is formed, as above stated, hy the south-western 
slope of that old crystalline nucleus of the continent which extends 
north of the St. Lawrence and Great Lakes from Labi'adot to the l^ke 
of tlie Woods, with a general east and west course, and then, turning 
suddenly at an angle of C0° to its former general direction, runs with a 
north-north-west course to the Arctic Sea. The eastern barrier is isther 
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a rocky plateau than a mountaiu region. It presents no well-defined 
height of land, and the watershed-Une follows a very sinuous course 
among the countless lakes, small and great, which cover its surface. 
Northward from the Lake of the Woods, it divides the waters flowing 
into Hudson's Baj from those ilraining liitectlj into the Arctic Ocean, 
with one important exception. The Nelson River, carrying the accumu- 
lated waters ot the Saskatchewan, the Red River and innumerable 
smaller streams, breaks through the Laurentian plateau at the north end 
of Lake Winnipeg, and empties into Hudson's liay at York Factory. 
The Churchill or English River, a not inconsiderable stream, passes 
through the same gap. 

Near the 49th parallel, the Kooky Mountains on the west rise abruptly 
from the elevated plain at their base, and often present to the east almost 
perpendicular walls of rock. A short distance farther north, however, 
they become bordered by an important zone of foot-hilis composed of 
crumpled Meaozoic rocks, and these continue with varying breadth at 
least as far north as the Peace River region. Between tlie fifty-first and 
fifty-second parallels the Rocky Mountain range appears to culminate, and 
to the north gradually decreases in elevation till on the borders of the 
Arctic Ocean it is represented by comparatively low hills only. With 
this decrease in height the mountains become a less complete barrier, and 
the streams flowing eastward across the plains rise further back, till in the 
cases of the Peace and Liard Rivers the waters from the central plateau 
of British Columbia completely traverse the range. 

The whole interior region of the continent slopes gradually eastward 
from the elevated plains lying near the base of the Rocky Mountains to 
the foot of the Laurentian highlands, and though the incliuation ia more 
abrupt in approaching the mountains, it is not so much so as to attract 
special attention. Between the fifty-fourth and forty-ninth degrees of 
latitude, however, along two lines which, are in a general way parallel and 
hold a north-west and south-east course across the plains, more or less 
definite step-like rises occur. These respectively form the eastern bound- 
aries of the two higher prairie plateaus, and the most eastern of them 
overlooks the lowest prairie level or that of the Red River valley. The 
three areas of plains or " prairie steppes " thus outlined differ considerably 
in age and character, and their margins have been impressed on the soft 
formations of the plains by the action of sub-aerial denudation, by that of 
former lakes and probably also by that of the sea. Though not every- 
where sharply defined in nature, they may be considered separately for 
purposes of description. 
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The actual increase of elevation accounted for in the two eecaTpmeuts, 
however, is slight compared with that due to the uniform eastward slope 
of the plains. The direction of greatest inclination is toward the north- 
east, and a line drawn from the intersection of the forty-ninth pnrallel 
and the mountains, to a point on the Rrat prairie-Ievol north of Lake 
Winnipeg,', will be found to cross the escarpmente nearly at right angles, 
and to have an average slope of 5.38 feet to the mile. From the same 
initial point, in a due east line to the lowest part of the valley of the Red 
Kiver — a distance of 750 miles — tlie plains have an average slope of 4.48 
feet per mile. 

The first or lowest prairie-level is that of which the southera part lies 
along Red River, and which northward embraces Lake Winnipeg and 
associated lakes and the flat land surconnJiiig them. A great part of its 
eastern border is conterminous with that of Lake Wiiniipeg, and formed 
by the rocky front of the Laureutian, while east of Red Kiver it is 
bounded by the high-lying drift terraces surrounding the Lake of the 
Woods and forming part of the drift plateau of northern Minnesota. To 
the west it is hmited by a more or less abrupt edge of the second prairie 
level, forming an escarpment, which, though very irregular in some places 
is scarcely perceptible where the broad valley of the Assineboine breaka 
through it. The eaearpment, where it crosses the forty-ninth parallel, w 
known as Pembina mountain, and is continued northward bj' the Riding, 
Duck, Porcupine and Bosi^uia Hills. The average height above the sea 
of this lowest level of the interior continental region is about 800 feet, 
the lowest part being that including the Winnipeg group of hikes which 
have an elevation of about 700 feet. From this it slopes up southward, 
and attains its greatest elevation — 960 feet — at its termination about 200 
miles south of the international boundary. The edges of this plain ate 
also, notwithstanding its apparent horizontality, considerably more ele- 
vated than its axis where this is occupied by tlie Red River. Its width 
on the forty-ninth parallel is fifty-two miles only. Its area north of the 
same line may be estimated at 55,000 square miles, of which the great 
system of lakes in its northern part occupies about 13,900 square miles. 
A great part of this prairie-level ia wooded more or less densely, par- 
ticularly that portion adjacent to the lakes. The southera part, extend- 
ing southwai'd from Lake Winnipeg, includes the prairie of the Bed 
River valley with an area north of the forty-ninth parallel of about 6,900 
square miles. 

The superficial deposits of this area are chiefly those of a former great 
lake, which has been named by Mr. Warren Upham Lake Agassiz, and 
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which occupied it toward the close of the glacial period. Many of the 
old shore lines and beaches of this lake Imve been traced out, and it has 
been showc by Genera! Warren, Dr, G. M. Dawson, and the first named 
gentleman, that its outflow was originally southward to the Mississippi. 
The fine ailty material now flooring the Red River plain and constituting 
its soil of unsurpassed fertility was lai<l down in this ancient lake. The 
Eed and Assiniboine Rivers have not cut very deeply into these super- 
ficial deposits, liaving alreiifly nearly reached a base level of erosion, and 
the surface of thn plain is level and little furrowed by denudation. 

The second steppe of the plains is bounded to the west by the Missouri 
Coteau and its northern continuations constituting the edge of the third 
steppe. Its width on the forty-ninth parallel is two hundred and fifty 
miles, and on the fifty-fourtli about two hundred miles, though it cannot 
there be so strictly defined. Its total area between these two parallels is 
about 105,000 square miles, and includes the whole eastern portion of the 
great pluina, properly so called, with an approximate area of 71,000 square 
miles. These occupy its southern and western portion, and are continuous 
■westward with those of the third steppe. The present rivers have acted 
on this region for a much longer time than on the last, and with the 
advantage of a greater height above base level ; and now flow with uniform 
though often swift currents, in wide trough-like valleys excavated in the 
soft material of the plains, and frequently depressed from one hundred 
to three hundred feet lielow the general surface. In these valleys the 
comparatively insignificant streams wander from side te side in tortuous 
channels, which they leave only at tinita of flood. The surface of this 
Bteppe is also more diversified than the last, being broken into gentle 
swells and undulations, partly due to the present denuding agencies, but 
in part also to original inequalities in the deposition of the drift material 
which constitutes the superficial formation. The average altitude of this 
tegion may be stated as 1600 feet, and its soil and adaptability for agri- 
(julture diflhr considerably in its different portions, though it is generally 
fertile. 

The third or highest steppe of the plains may be said to have a gen- 
eral normal altitude of about 3000 feet, though its eastern edge is 
usually little over 2000 feet, and it attains an elevation of 4000 feet at 
the foot of the Rocky Mountains. Its area between the parallels above 
defined, and including the high land and foot-hills along the base of the 
mountains, is about 134-,O00 square miles, and of this the greater part is 
almost entirely devoid of forest, the wooded region being chiefly confined 
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to a portion of its northern and north-westeni extension, near the North 
Saskatchewan River and its tributaries. Its breadth on the forty-ninth 
parallel is four hundred and sixty-five miles, and its eastern boundary is 
there well marked, being the broken hilly country known as the Ooiean 
rffi Missouri, or Great Coteau. This crosses the Internationnl boundary 
near the one hundred and fourth meridian, and thence runs east of the 
Old Wives' Lakes to tiie South Saskatchewan, and is then continued to 
the north hy a range of high lands, of which the Eagle Hills constitute 
part, to the elbow of the North Saskatchewan, and beyond that river 
probahly to the Thickwood Hills. 

This portion of the great plains is much more diversified than either 
of those before described. It has been elevated to a greater height above 
the sea level, and acted on to a much greater extent by eroding agents, 
both in later Tertiary time and subsequent to the glacial period. Those 
portions of its surface which still remain but little modified, form table- 
lands such as those of the Cypress Hills and Wood Mountain. The 
immense denudation which has taken place is evidenced by the size and 
depth of the valleys of the streams, the great ravines and "coulees" 
\vhicli have been cut and are still extending themselves among the soft 
sandstones and clays of the Cretaceous and Laramie formations, and the 
isolated plateaus and buttes whicli now stand far out on plains of lower 
level, seamed with newer systems of drainage. Deposits belonging to the 
glacial period, with transported boulders and gravel, are found over almost 
the entire area of the highest steppe, but are spread less uniformly than 
on the lower levels, and the surface is often based almost directly on the 
Cretaceous and I^^tramie beds. This is ample pioof that previous to the 
glacial period the surface was much more nigged and worn than it is, now 
that the glacial deposits have filled many of the deeper hollows and given 
rounded and fiowing outlines to the whole 

In the foot-hills of the Rocky Mountains the previously undisturbed 
beds of the plains are thrown into waielike flexures and compressed 
folds, which the surface participates in to a lesser degree, assuming the 
form of crest-like parallel ridges which frequenth possess considerable 
uniformity. The nature of the soil and piospective agricultural value 
of this great district are too varied to allow of generaliMtion. Though 
it must be regarded rather as a gracing than a farming region, it presents 
frequently an excellent soil, and when the rainfall is sufficient and the 
altitude not too great, considerable connected tracts may yet be brought 
under cultivation. 
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Sorth of the North SaskntehewaD iio extensive treeless plains oeem 
in the central re^on of ihe continent, anil the furest country of the cost 
forms a wide unbroken connection with that of the northern part of 

I British Columbia, and though prairies of very attraclive character are 
found near the Peace River, th»y are limited in area and isolated by belts 
of woodland. The width of the Mesozoic and Tertiary plain gradually 
diminishes to the north, being leas than 400 miles near the tifty-scclh 
parallel, and it is possibly completely interrupteil north of the sixty- 
second parallel by the inosculation of the paleeunoic rocks of the east and 
west. In the basin of tlie Pence, the lower areas are covered superficially 
by fine siJty deposits resembling those of the Red River valley, and 
doubtless indicating a former great lake or extension of the sea in tiie 

' time immediately succeeding the glacial period. 

Though thus so remarkably simple and definite iu its grand features the 

I interior region of the continent shows many irregularities in detail. The 
second steppe has some elevations on its surf ace as high as the edge of the 
third plateau, and that part surrounding the Asainihoine River and its 
tributaries is abuunnally depressed, causing some portions of the easteni 
edge of this prairie-level which overlook Manitoba Lake, more to 
resemble outliers than integral parts of it. 

The transverse water-alieds which bound the drainage area of the 
Saskatchewan and Red Rivera to the south and north, though corapara- 

I lively low and diffuse, and insigniiicaiit as geological bnundnries, are 
important geographically. Taken as a whole, however, the central por- 
tion of the Dominion may be regarded as a great shallow trough, of 
which the western edge is formed by the Rocky Mountains, the eastern 
by the Laureutian axis, but in which the western portion of the floor is 
now, (probably as the result of Poat-Tertiary elevation,) liiglier than its 
eastern rim. Of the urea as ut first delined, extending from the fifty- 
fourth to the forty-ninth parallels, tiie great Saskatchewan River and its 
tribntaries drain by fur the largest part, or about 139,000 square miles. 
The Red River and its tributary the Assiniboine drain 70,500 square 
miles, and the valleys of the iiumerousi small streams Howing into the 
Winnipeg group of lakes, including the area of the lakes themselves, 
drain 52,800 square miles. The upper branches of the Missouri, and 
especially those of its tributary the Milk River, drain a considerable orea 
' to the south, embrocing about 22,800 square miles, while to the south of 
the first named parallel the tributaries of the Mackenzie drain an 
about 10,000 miles only. The total area of prairie country Iwtweoii the 
same limits, including that of all three steppes, may be estimated at 
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192,000 square nulea. Though rauch of tliia area is not absolutely 
treeless the agi^regate tFee-clad area ia relatively insigaificaut. 

Geology. 

The main geological features of the central and western portion of the 
Dominion have been touched on in connection with its physical structure. 
In the present section they are outlined in more systematic form. 

The eusteru margin of the great interior continental basin is composed 
of Silurian and Devonian rocks, which, resting almost horizontally on the 
upturned and greatly denuded margin of the Laureutian and Huronian, 
form a belt of varying width wbith appears to extend with little or no 
interruption from Minnesota to the shores of the Arctic Sea. 

Recezit investigations of the fauna of these rocks hy Mr. Whiteaves 
show that the Trenton formation is most widely spread about the shores 
of Lake Winnipeg, while the horizon of the Hudson River ia represented 
on the lake at the month of the Littla Saakatchiiwan as well as at Stony 
Mountain in the Bed Eiver valley. In the vicinity of Selkirk in the 
same valley the fossils are those of the Galena limestone of the west, 
equivalent to the Utica. On Manitoba and Winnipegnsis Lakes Devon- 
ian limestones occur. 

The Siluro- Cambrian and Devonian rocks of the Red River and Win- 
nipeg Lake region are for the moat part pale grey or buff-coloured mag- 
nesian limestones. From Methy Portage northward it seema that Devon- 
ian rocks constitute almost the entire width of the Po.heozoic belt. They 
appear on tile Clearwater and Athabasca Rivora as bituminous limeatonea 
and shales, which are referred by Meek, from their fossils, to the 
Hamilton and Genesee formations. In this region these rocks yieJd large 
quantities of petroleum, which, exuding from them, saturates the over- 
lying superficial materials and Cretaceous sandstones and gives rise to 
" tar springs " along the banks of the rivera. Salt apringa also occur, and 
these are found to chamcterize the Devonian rocks sJUthward to Red 
River, though no certain indications of petroleum have yet been observed 
south of Methy Portage. 

The Cretaceous and Tertiary rocks occupy the entire breadth of 
the interior continental region from the belt of Siluro-Cambrian and 
Devonian limeatonea last noticed, to the eastern edge of the Cordillera 
belt. These rooks correspond in theii' widespread and homogeneous gen- ■ 
eral character, to the uniformity of the great plaina which they underlie, 
and may be characterized in a few words. 
_ North of the forty-ninth parallel, the Systems represented — so f"**^^ 
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at present known — are the Cretaceous and Tertiary. In the eastern por- 
tion of the region, the Cretaceous, owing to the mantle of glacial de- 
posits, is in general, poorly exposed, but in most respects resembles the 
struta of the same age, studied \>y Messrs. Meek and Hnyden in the 
corresponding portion of the Western States. It may be arranged as 
follows, in descending order : — 

Fox Hill SatidaConea. 

Ffirt Pierre Cluya. 

Niobrara MarlH. 

Fort Bentiin ClnyB and Limoatone. 

Dakota SaaditoTieB and Clay. 
For details see Ft. iL , p. 107- 
So far as at present known, beds of the Dakota or lowest subdivision 
of the Missouri Cretaceous occupy a very small portion of the surface in 
Manitoba and the North-weat Territory. Sandstones and shales possibly 
of this age occur at the biise of the section on Swan River, west of 
Winuipegosis Luke, and fossil plants of this stage are found among the 
upturned bases of the Rocky Mountain foot-hills. The Benton and 
Niobrara sub-divisions (locally scarcely separable) are represented in the 
escarpment west of Winnipegosis and Manitoba Lakes by practically 
horizontal, dark gray clay shales interbedded with layers of chalky lirae- 
Btone and bands of sandstone, SimUar rocks run southward along the 
base of the Pembina escarpment, the greater part of wliich is composed 
of Pierre shales. The lower dark shales met with in the vicinity of 
the Upper Milk River arc also regarded as equivalent to the Benton, or 
Benton and Niobrara, while the Fort St. John shales of Peace River are 
referred to the Benton. It is probable that the Belly River and Dun- 
vegan series, subsequently noticed, appcosiraately represent the Niobrara, 
though differing inucli from more eastern developments of that sub-division. 
The Pierre or next overlying group is in point of extent the most 
important of the sub-divisions of the Cretaceous in the North-West, its 
characteristic dark shales or shaly-clays underlying a great part of the 
prairie country. The shales frequently contain ironstone nodules, and in 
some places arenaceous layers also appear and are generally found to 
become more important in approaching the mountains. The lithological 
character of this group is, however, on the whole, remarkably uniform, 
and beds are occasionally found in it which are highly fossiliferous. The 
highest beds of the Cretaceous system proper, the Fox Hill, are closely 
related to the Pierre, and form in many places a series of passage beds 
between the Cretaceous and the overlying Laramie formation. When 
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most charaeteriatically developed they consist of sandstone and yellowish 
sandy slialea. 

Sotices of the fossils of the western Cretaceous will he found in Part 
II., and more full deiails as to the niarine invertebrates in the Reports on 
Mesozoic Fosaila by Mr. Whiteavea of the Geological Survey. 

Overlying the Cretaceous proper in perfect ooiiCormity, is a great seriea 
of estuarine and fresh-water beds which may collectively be referred to 
the Laramie formation. No question in western geology has given rise 
to so much discussion as that of the Cretaceous or Eocene age of these 
beds. It is one which depends almost entirely on the apparently con- 
flicting evidence of the vertebrate, moUuauan and vegetable fossils which 
they contain, and one which cannot here be entered into. It may suffice 
to note that while the vertebrates are of types regarded as Cretaceous, the 
plants and molluscs resemble most closely those of Tertiary beds of other 
regions. The molluscs being, however, for the most part, fresh-water 
forms, are not so characteristic as marine shells would be. The formation 
is really a transition one, but is closely attached to the Cretaceous by its 
complete stratigraphical conformity with that formation. 

The most eastern locality of tbese beds is Turtle Mountain, on the 
forty-ninth parallel, where they form a considerable outlier. On the 
Souris River they are largely developed, and constitute the superficial 
formation of the whole country. The Laramie of this region is, however, 
an extension of that spcci.'d development of the formation whicli on the 
Missouri has long been known as the Fort Union series. The rocks are 
generally soft, sandy clays and sandstones, of pale colours, and on the 
Souris hold ironstone and many seams of lignite of fair quality. Further 
west the typical Laramie covers a vast area and becomes a distinctly 
estuarine formation at the base. The western Lnramie, particularly in the 
vicinity of the mountains, is largely composed of sandstones which are 
frequently hard, and the formation lias a thickness of several thousand 
feet, and has been sub-divided into several groups. 

An interesting area of Miocene Tertiary rocks occurs in the Cypress 
Hills, overlying both Cretaceous and Laramie beds. A small outlier of the 
same age caps the Hand Hills further north. The beds are chiefly pebble- 
beds, or conglomerates composed of coarse rolled shingle which has liad 
its origin in the Eocky Mountains. These are associated with soft sand- 
stones and sandy clays, and have yielded characteristic vertebrate remains, 
including those of two species of Menodus ( Brojitotherium). The forma- 
tion has a thickness of 500 feet or more iii some places. It covers an 
area of 1,400 square miles in all. 
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It haa already been stated that the Cretaceous rocka of the western 
^rt of the plains differ from those of the typical section first quoted. 
In the region of the Botv and lielly Rivers, and northward to the 
Saaknlchewan, the Pierre is underlaid by an extensive fresh and brackiah 
water series, consistiug of sandy ar^dllites and sandstones. This has been 
called the Belly Kiver aeries, and appears to correspond precisely to that 
occupying a similar atratigrapliical position on tlia Peace River, and there 
designated the Dunvegan setiea. It indicates the occurrence of a pro- 
longed interval in the western Cretaceous area, during which the aea was 
more or less escUided from the region, and its place occupied for long 
periods by li^oons or freah-water lakes. 

Though the Dakota series is the lowest representative of the Creta- 

oua known to occur in the tirea of the plaina, and has there been 

iserved to rest on Palaeozoic rocks, still older Cretaceous beds come to 
the surface in the corragated region of the foot-hillB, and exist also in 
more or less completely isolated troughs or in folds in the Rocky Mount- 
ains north of the forty-ninth parallel These beds have a tliicknesa of, at 
least, 7000 feet and have Ijeen named the Kootaaie aeries. They con- 
tain a peculiar ilora consisting largely of cycads and conifers, and at their 
base marine fossila of lower or middle Cretaceoua age have been found. 
It is probable that the sliore-Hne of the sea in which these beds were 
laid down occupied a position not far to the east of the present border of 
the foot-hills. 

If we regard the Dakota, Benton and Niobrara as Middle Cretaceous 
(see Part II.), the Kootanie may be taken to represent a part, at leaat, of 
the Lower Cretaceous. This corresponds with the indications of the 
plants ; for while those of the Kootanie beds are cycads, conifers 
and ferns, akin to those of the Wealden and Triasaic of other countries, 
those of the Dunvegan and Belly River are of more modern type like 

ose of the Upper Cretiiceous elaewliere. 

The differences of opinion among geologists in the United States respect- 
ing the age of the Lai-amie may be partly explained by the development 
of this formation in Canada, In the Weatera or Bow River district this 
foimation may be tabulated as follows, in descending ortler ; — 

L Porcupine Sill beds, — Sandsbmea nnd claya with lignite and fogail plants. 

2. WitloiB Creek Striea—ia which red clays predominate, and which has afforded no 

-Uarj River fjeries. — Chiefly grey clays with foeail plnntB.* 
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Ill the Sonris district, nearer the bonndary of the United States, as stated 
in Pact II., the upper member is represeuted by the contiimation of the 
Fort Uaiou group of the Misaouri and the lower member hy the Bad 
Lands group, the middle member being absent. In both districts the 
upper member contains a rich flora of modem genera of exogena, such as 
Popitlna, Plafanun, Coryltis, &c., and the species resemble those of the 
Eocene elsewhere, and there are also Molluscs of Eocene type.* The 
lower niemljer holds a flom similar to that of the Belly Kiver Series in 
the upper Cretaceoua, and has also afforded reptilia remains of ci'eta- 
ceous types. It is probable, therefore, that the laraniie may ultimately 
be divided, the lower part being placed with the Cretaceous and the 
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The most important study depending on the question of the Cretaceous 
and Laramie rocks of the North- West, is that of the fuel supply. In the 
eastern region, lignites of fair quality and workable thickness occur in the 
Laramie rocks of the Souris district, but have so far not been found in 
the underlying Cretaceous. Further west the Cretaceous also becomes 
a coal-bearing formation, and in the vicinity of the How and Belly, import- 
ant lignites or coals have now been found in the Kootanie series (anthra- 
cite of Bow Pass,) Belly River series (Medicine Hat, etc); base of the 
Pierre (Leth bridge, etc.); top of the Pierre (Bow Eiver) and in the 
lower snhilivisLon of the Laramie (Blackfoot Crossing, etc) In the 
Peace River district seams which may prove to be of a workable char- 
acter have been found so far only in the Duuvegan series. The fuels 
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-found in the area of the plauia may be c]laracteri^eli generally aa lignites, 
liut on approaching the mountains these are found to contain a decreasing 
|)ercentage of water, and eventually, in the foot-hills and areas included 
within the first limestone range, frequently become true coking bituminous 
iCoals, and in one instance, as above stated, have actually been converted 
into an anthracite whieh contains 86 per cent of fixed carbon. 

The Pleistocene deposits of this great interior region are of much 
interest, aiid are thus described by Dr, G. M. Dawson : — * 

1, Glacial Plienomena of thf Latirentian Axis. — Beginning with the 
glacial phenomena of the Laurentian axis, we may notice the appearances 
presented in the neigh borliood of the Lake of the Woods only, where this 
axis is intersected by the forty-ninth parallel ; but, from the similarity 
of the traces of glacial action even in very distant parts of the Laurentian 
I in some sense as a representation of its general 



The Lnke of the Woods, as a whole, occupies a depression in the south- 
■Western slope of the Laurentian region. It is over 70 miles in extreme 
length, and has a coasHine of between 300 and 400 miles. Its northern 
part is comparatively deep, reacliing in some places a depth of over 80 
feet. Its general form has been determined by that of an area of less 
highly altered rocks, wliich are probably Hnroiiian ; and the details of its 
outline even follow very closely the changing character of the rock, 
apreaduig out over the schistose and thinly cleavable varieties, and becom- 
ing narrow and tortuous where compact dioritic rocks, greenstone con- 
_glomerate, and gneiss prevail Its shores are almost invariably composed 
of solid rock with the rounded forms characteristic of ice-action, and dip 
lapidly below the surface of the water, forming a bold coast, sandy or 
gravelly beaches being comparatively rare. It is studded with innumer- 
able islands, which vary from those several miles in length to mere water- 
Wasted rocks. The islands, like the nminland, are seen, where not 
covered with luxuriant vegetation, to be composed of round-backed rocks. 
Only where the rocks are of a specially soft and schistose character has 
the action of the waters of the lake had sufficient effect on them to form 
■«liffs. Tile southern pai-t of the lake is very different : there are few 
islands; the water is not deep; and the whole southern shore is formed 
liy low-lying deposits of sand and detrital matter. Where rock surfaces 
appear, however, they are like those of tlie northern part of the 
lieavily glaciated. 
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All the haidei locks of the region still show with the otmost perfec- 
tion the scratching and grooving of the glacial period ; and some of the 
more compact graniteg and intntai ve dioiiles retain a surface still perfectly 
hright and polished. Otiasmall scale evea the hardest and most homo- 
geneous of the rocks show a tendency in the longer axis of their eleva- 
tions to parallelism with the glacial markings. Though the general direc- 
tion of the northern part of tlie lake also follows that of the ice-action, 
it is at the same time that of the belt of Huronian rocks already men- 
tioned. The course of the glacial strife is extremely uniform, and, from 
a great number of ohservations indifferent parts uf the lake, is found to 
vary through a few points only, lying between north-north-east and Gouth- 
Bouth-west and north-cast and south-west. Slight deflexions, sometimes 
observed, are generally traceable to deviation of the ice by masses of 
lesistent rock running athwart its course, the strife always showing a 
tendency to bend toward the more level regions, and away from the more 
elevated or lugged parts. 

At a few places in the southern part of the luke, glaciation in the 
ordinary direction which gives form to the rock masses, was observed to 
be superinscribed with coarser scratches nearly east and west in direction. 
Some of tliese may be due to the packing of the ice of the lake itself iu 
the Bpiiug ; but instances occur which cannot he aeeounteit for in this 
way. Some roek-surfaces on a low promontory in the southern part of 
the lake afTord interesting examples. The most important direction, and 
that with which the forms of the aurfaee coincide is here S. 13* W., 
superimposed on which at one pluce are scratches S. 45° W. or N. 45° E. 
Near this a direction of S. 50° W. or N. 60° E. occurs, on which is super- 
imposed strintion 8. 15° W., a direction closely agreeing with the general 
one, anil probably indicating a brief resumption of the original force after 
a short interval. 

2. Dri/l Plateau of Northern Mijmeaida and Eaatem Manitnha. The 
great plateau of Northern Miiinesota, which stretches southward from 
the Lake of the Woods, shows only drift materials, and is composed of 
thein to a great depth. Its general surface is remarkably uniform, aa<l its 
slopes almost imperceptibly sh'ght. It is, however, diversified on a small 
scale, being thickly strewn with shallow hollows, which are filled hy little 
lakes or the almost impassable " muskegs " of the region. There are also 
low flat-topped ridges of sand and gravel of the nature of kanies or eskets, 
and in many localities traces of larger lakes than those now existing, 
which have been drained by tile gradual wearing down of the beds of their 
outfall streams. 
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The drift-deposita of this region rest on the gently sloping foot of the 
Laurentian axia, and are composed to a depth of 60 feet or more of fine 
sauds and arenaeeoua clays, with occasional heJs of gravel and amalt 
boulders. The finer deposits are generally very evidently false-bedded, 
and sometimes quite hard. Tiie gravelly layers, as a rule, are found rest- 
ing on the finer material lietween it and ita surface soil, and sometimes 
lie on the denuded edges of the curved sand-beds below. Ou the Roseau 
Kiver, about 30 feet from the top of the hunk, a piece of wood protruded 
from a cliff of hard, sandy clay, and, on luieroscopic examination, appeared 
to be a fragment of tiie common cedar (Timja oceideaialu.J These 
distinctly- bedded deposits of the plateau appear to repose tliroughout ou 
boulder-clay. This appears in the southern i>Qi't of the Lake of the 
Woods ; and on the Roseau River, also, indications of the underlying 
boulder-clay are found. In general, however, the few aoctioua which 
exist do not penetrate sufficiently deep to show this deposit 

An interesting confirmation of the general direction already stated for 
the glacial action, is found in the composition of the raateiials of this 
plateau. Its eastern side, fronting on Lake Superior, is very abrupt, and 
seems to be held up by a ridge of hard old rocka, which here and there 
appears from beneath it. Ascending to the plateau-level from the extreme 
western poiiit of Lake Superior, by the Northern Pacific Railway, the 
drift is seen to have a reddish-purple colour, which continues, though 
gradually becoming less marked, for some distance after attaining the 
summit. The colour then changes to the pale, yellowish gray which is 
generally characteristic of the drift of this plateau. The red drift is 
derived from the red rocks of the border of the lake, and is found along 
its whole southern side. It is here bounded by a line lying a short dis- 
tance back from the north-western shore and nearly parallel to it This 
western edge of the red drift has been already noticed by Whittlesey in 
his paper in the Smithsonian Contributions. The surface of the plateau 
is very generally strewn with erratics ; and some of them are of great 
size. They are chiefly derived from the Laurentiau and Huronian to the 
north ; but there are also many of white limestone.* 
I 3. Lowest Prairie-Level and Vcdley of the Red River. Descending the 
I western side of the drift-plateau of Northern Minnesota, we enter the 
Talley of the Red River. This trough runs nearly due north and south, 
and, from the south shore of Lake Winnipeg to the 
River in Lake Traverse, is 315 miles in length. It does not end 1 
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however, but passes by a continuous gap nevei' more than 690 feet above 
the sea-level to tl f tl M t E t b t y f tl 
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examining thoac deposits they are found to be nrranged in thin, horizontal 
beds, which together conatitnte a great tliieknesa, and rest upon till or 
boulder-clay, Some of the layers immediately overlying the till may 
correspond with those already described in tho same relative position on 
the drift-plateau ; but nearly the whole thickness of the horizontal deposit 
probably belongs to the great lake of a later period. Stones of any kind 
are very seldom found on this prairie. They have no doubt been brought 
to their present position by the shore-ice of the lake itself, and are similar 
to thoau associated with the drift- deposits of ila bounding escarpment?. 

Ascending the front of the western escarpment, it is found, as might 
almost have beeu foreseen, to be terraced ; and on leaving tho alluvial 
fiat, boulders are again found abundantly, both strewing the terraces and 
the summit of the " mountain " or second prairie -steppe. The terraces 
not only occur on the front of this escarpment, but extend westward 
along the banks of the great valley of Pembina Hiver, which at the time 
of their formation must have been an inlet of the lake, and is therefore 
probably of pre-glaeial age. 

i. Second Prairie-Plateau. The surface of the eecond plateau or 
steppe of the plain appears to be almost everywhere very thickly covered 
with drift deposits ; and tde undulations and slight irregularities of its 
contour, seem, in the main, due to the arrangement of these surface 
materials, which, thongh no doubt somewhat modified by subsequent 
denudation, do not seem to have suffered ranch Over lai^o areas no 
systems of " coiUSes " or stream- valleys are to be found ; and the generally 
undulated surface must be due to original ineijuality of deposition, though 
a certain quantity of material has no doubt been removed from the 
rounded hillocks into the intervening basin-ltke swamps oud hollows. 
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Such, an arrangement not only implies the porous nature of the sub-soil, 
I aciconiance with the corapnra lively very emnil rainfall of the 
region, and would teud to ahow that at no time eince ita emergence has 
the precipitation been great, It was observed that in many places 
bauldera and gravel are equally abundant on the crests of the gentle ridges 
and hiliocka and in the hollows, while they are comparatively seldom 

a on the intervening slopes. A aimiJar observation haa been wade by 
Prof. Bell in a part of the second steppe considerably further north, and 
would tend to show slight erosion of the surface by marine currents sub- 
sequent to the deposition of the heavier materials. 

The drift material is found generally to coaaiat in great part of local 
debris derived from the immediately underlying soft formations ; but 
this ia always mixed with a considerable quantity of far- transported 
material, which is generally most abundant in the upper layers. Large 
erratics are in some localities very plentifully strewn over the plains, but 
1 to be almost always auperticial. They are generally of Laur- 
entian rocks; but whitish and yellowish limestone, derived from the 
Silurian, flanking the western base of the Laureutian region, is abundant. 
A bank in Long-River Valley shows an interesting section, about 30 feet 
of drift, resting on Cretaceous clay or sliale. Of the drift the lower por- 
tion is composed of stratified sands and gravels, which are evidently false- 
bedded. The pebbles are chiefly of the underlying rock, wliich, though 
Boon splitting up under subaereal influences, has been hard enough to 
bear rounding tinder water. There are abo a few examples of rocks of 
1, and the whole arranged in a manner implying a very strong 
flow of ouiTeots in different directions. About 11 feet from the top of 
the bank the false- Iwdded layers end abruptly, being cut off by a well- 
markeii horizontal ].la a \boi« this the bedding is nearly horizontal, 
and the drift inch des many travelled boulders of Laurentian and white 
limestone, some of the lar^e toj,ether with much small Cretaceous stuff. 
Large boulders are also abundant protruding from the surface of the 
prairie above. 

In other places s m iar hard j elloivish, sandy clays are met with, but 
with little sign of strat hcit on holding many well glaciated atones, and 
thus resembling true 1 11 o bn Ider-clay. 

With reference to the origin of the boulders and travelled stones the 
following table shows the proportions of different kinds of rock in a great 
number of eaiiiples taken frem different parts of the second prairie steppe : 

Laurentian 28.49 
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The Laureatiati material, constBtiug of granitea and gneiesee, are eaall; 
distinguishable. Those classed as Huronian are chiefly hard, greenish, 
epidotic, and hornbleadic altered rocks. It is intoresting to observe thai 
the proportional iraportance of the Laurentiaii and HuroDiaii, thus ascer- 
tained for the drift, is nearly that of their areas where they have been 
mapped. The limestone is that of the flanks of the Laurentian axis; 
and its great abundance is an interesting feature, and one tending to 
prove that this rock must in preglacial tiniea have lapped far up oa the 
Laurentian. These tliree olassca are derived from the uorth-east or east. 
The fourth, or Qiiartxite drift, is a general name which may be applied to 
that coming from the Rocky Mountains, which, althoHgh not entirely 
composed of quartzite, is characterized by the great abundance of tJiat 
material, and has a peculiar and distinctive appearance. 

On the surface of this prairie-level there occuc some remarkable ele- 
vated regions, which seem to be entirely composed of accumulated drift 
materials. The most prominent of these are included under the names 
of Turtle Mountain, Moose Mountain, and the Touchwood Hills. Thoagh 
quite uuconnected, these elevations follow in a general way a contour- 
line of the surface, and foim a range roughly parallel to the Coteau, to 
which, in their appearance and material, they also hear the closest like- 
ness. Of these elevations, the only one which I have personally exam- 
ined ia that known as Turtle Mountain, wliich is bisected by the forty- 
ninth parallel, and forms the most southern of the series. It, is a region 
of broken hilly ground, which may be about 20 miles square, and ia for 
the most part thickly wooded — a circumstance which renders it a 
specially prominent feature when viewed across the prairie. It^ extreme 
height is not more that 500 feet above tlie prairie at its base ; and its 
general elevation is a little more than 2,000 feet above the sea, or nearly 
the same as that of the surface of the Coteau, On approaching it from 
the east, the already gentle-swelling plain becomes more markedly undul- 
ating, small basin-like swamps and ponds are more frequent, and its 
junction with the region of the " Mountain" would be uudefinable bat 
for the limiting border of the woods. The western end of the mountain 
is more abrupt towards the plain, and is much diversified with ridges, 
between whicli lie swamps and lakes, which show a general tendency to 
arrangement in north-and-south lines. Towards the eastern end there 
are somewhat entenaive areas of gently undidating laud, though always 
eharacterized by the abundance of pools and swamps. !Not withstanding 
the apparent abundance of water, there are few brooks or drainage- 



1 



J 



MANITOBAN REGION. 193 

vallejs, and the streams which do occur are quite small. The surfaco 
eeems very nearly that of the drift bs originally deposited, though eufB- 
cient line material has been, washed from the ridges to reuiler the inter- 
Ten iug hollows flat-bottomed. 

5. Edge of the Third Prairte-Plaieait. — One hundred and twenty miles 
west of Turtle Mountain the second prairie-plateau cornea to an end against 
the foot of the great helt of drift deposits known as the Missouri Coteau. 
Beyond this jwint three diverse zones of country cross the forty-ninth 
parallel obliquely witli a west-north-west course, in the order subjoined ; — 

1. TumuUuously hilly country based on a great thickness of drift, and 
forming the Coteau de Missouri properly so called. 

Flat-topped waierg}ied plateau, formed of rocks of the Lignite 
Tertiary, and constituting a part of the first tranverse watewhed already 
described. 

Lower, broken-down region, south of the plateau, partly baaed on 
the Lignite Tertiary, aud characterized by gorges and large valleys 
draining towards the Missouri. 

The second region can perhaps hardly be said to cross the line, but 
appears immediately north of it. On the line and southward the streams 
flowing to the Missouri rise near the soatbern edge of the first division, 
the greater part of the plateau having succumbed to denuding agencies. 

The Missouri Coteau is one of the most important features of the 
western plains, and is certainly the most remarkable moanmont of the 
Glacial period now existing there. On the 49th parallel, the breadth of 
the Coteau, measured at right angles to its general course, is about 30 
Biilea ; and it widens somewhat northward. 

On approaching its base, which is always well defined at a distance, a 
gradual ascent is made, amounting in a distance of 25 miles to over 150 
icet. The surface at the same time becomes more markedly undulating. 
Turtle Mountain from the east, till, almost before one is 
aware of the ehange, the trail is winding among a confusion of abruptly 
i*oundcd and tumultuous hiUs. They eonsist entirely of drift material ; 
and many of them seem to be formed almost altogether of boulders and 
gravel, the finer matter having been to a great extent washed down into 
the hollows and basin-like valleys without outlets with which tliis dis- 
.trict abounds. The ridges and valleys have in genera! no very deter- 
mined direction ; but a slight tendency to arrangement in north-and-south 
Hues was observable in some places. 

The boulders and gravel of the Coteau are chiefly of Laurentian 
origin, with, however, a good deal of the usual white limestone 
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slight tulmixture of the ijuartzite drift. The whole of the Coteau 
characterized by the absenee of drainage- valleys ; and in consequence its 
pools and lakes are often clmrgeJ with salts, of which sulphates of soda 
and magnesia are the most abundant. The saline lakes frequently iij 
np completely towards the end of the summer, and present wide CKpanaes 
of white effloroacont crystals, which contrast in colonr with the crimson 
Salrcomin with which they are often fringed. 

Taking the difference of level between the last Tertiary rocks SBen 
near the eastern base of t!ie Coteau, uud those first found on its western 
side, a distance of about 70 miles, we find a rise of 600 feet. The slope 
of tlis surface of tiie underlying rocks is therefore, assuming it to he 
nniform, a little less than 100 feet per mile. Oa and against this gently 
inclined pfaue the immense drift deposits of the Coteau hills are piled. 

The overage elevation of the Coteau above tlie sea, near the forty-ninth 
parallel, is about 2000 feet ; and few of the hills rise more than 100 feet 
above the general level. 

Between the south-western aide of the Coteau belt and the Tertiary 
plateau is a very interesting rej^ion with characters of its own. Wide 
and deep valleys with systems of tributary coulees have been cnt in the 
soft rocks of the Northern foot of the plateau, some of which have smatl 
streams still flowing in them fed by its drainage ; but for the mtMt part 
they are liry, or occupied by chains of small saline lakes which dry up 
early in the summer. Some large and deep saliue lakes ntso exist which 
do not disappear even fate in the autumn. They have a winding, river- 
like form, and till steep-sided valleys. These great old valleys have now 
no outlet ; they are evidently of preglacial age, and have formed a part 
of the foi-mer sculpture of the country. The heaping of the great mass 
of debris of the Coteau against the foot of the Tertiaiy plateau has 
blocked them up and prevented the waters finding their way northward 
as before ; and since glacial times the rainfall of tlie district has nevet 
been sufficiently great in proportion to the evaporation to enable the 
streams to cut through the barrier thus formed. The existence of these 
old valleys, and the arrangement of the drift-deposits with regard to 
them, throw important light on the forra.er history of the plains. 

Northward, the Coteau ceases to be identified with the Tertiary 
plateau, and rests on a slope of Cretaceous rocks. It oan be followed by 
Palliser's and Hector's descriptions of ihe country to the elbow of the 
South Saskatchewan, and thence in a line nearly due north through th« 
Eagle and Thickwood Hills ; beyond the North Saskatchewan, howsvai^- ■ 
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it appears to become more broken and less definite. In Dr. Hector's 
description of certain great valleys without outlet in this northern region, 
I believe I can recognize the existence of old blocked up river-courses 
similar to those just described. That the drift-deposits do not form the 
high ground of the watershed, but are merely piled upon it, is evident, 
as Cretaceous rocks are frequently seen in its neighborhood at no groat 
depth. 

South of the forty-ninth parallel the continuation of the belt of drift 
can be traced to a great distance southward and eastward in the territory 
of the United States, where it has been regarded as the terminal moraine 
of a hypothetical continental glacier. 

In the Coteau, we have a natural feature of the first magnitude — a 
mass of glacial debris and travelled blocks with an average breadth of 
perhaps 30 to 40 miles, and extending diagonally across the central 
region of the continent for a distance of about 800 miles. 

6. Third or Highest Prairie-Flateau, — Passing the Coteau and ascend- 
ing the Plateau of the Tertiary, we notice at once a change in the character 
of the drift deposits. They are much thinner, and, area for area, perhaps 
do not equal one twentieth of those on the second prairie-steppe. They 
are also now largely composed of quartzite drift from the Rocky Mount- 
ains, of the nature of shingle, and seldom showing much trace of glacia- 
tion. With this western drift, however, a smaller proportion of that from 
the east or north-east is mingled. South of the watershed-plateau the 
third region (that sloping to the Missouri, where it is well sheltered to the 
north) shows the quartzite drift in even greater purity. Where, however, 
gaps or lower places in the watershed-plateau occur, incursions of Lauren- 
tian rocks and of eastern limestones are also found to a greater or less extent. 

The general character of the travelled drift of the third steppe may 
be seen from its percentage composition, derived in the same way as 
already shown for the second steppe : — 

Laurentian ....... 27.05 

Huronian — . ? 

Limestone ■ . " 15.84 

Quartzite Drift 52.10 

Though the percentage of Laurentian material appears nearly the same 

as before, the much smaller total quantity of drift on this level must be 

remembered. A mark of interrogation is put after Huronian, to indicate 

that a few specimens of this formation may be present, but, if so, are 

undistinguishable from some varieties of the Quartzite drift. The great 

decrease in limestone is at once seen ; and even the percentage here 
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given includes some flpecimens of Rocky Mountain limestone which has 
travelled eastwnrd with the Quartzitc drift. The limefltones of the 
flanks of the Lnurentian were probahly completely submerged ere the 
water readied the level of the third stepjJe. Quartzite and similar rocks 
now form uver half of the entire travelled portion of the drift deposit. 

Some of the lower purls of tliia steppe ahow thick deposits of true till 
or boulder clay, which holds in a hard yellowish sandy matrix well 
glaciated atones, botli from the mountains and from the east, and also a 
great quantity of di^bria from the softer underlying beds, among which 
are fragments of lignit* from the Tertiary. These deposits of till, 
though generally massive and weathering into rudely columnar forms in 
perpendicular banks, often show traces of bedding and arrangement in 
water ; and false-bedded sandy masses are found abruptly cut off above 
the confused bouldery clay. The shingle deposits of the higher levels 
may perhaps bo formed partly from the rearrangement of this material ; 
they are at least su]wrior to it. 

TliQ width of the tliird steppe, on the line, is aboat 450 miles ; but it 
narrows rapidly northward. Its surface is more diversified and worn 
than that of either of the other prnirie-levels ; and the occurrence and 
features of the drift ai'e less constant. Following it westward, and in 
the main slowly rising, Laureiitian and Eastern limestone boulders con- 
tinue to occur to within about 25 railca of the base of the Rocky Moun- 
tains, at a height of about 4300 feet. The distance of these travelled 
blocks from the nearest part of the Laiirentian region is over 700 miles. 
Beyond this point eastern and and northern rocks were not found ; but 
that the depression of the continent ceased here cannot be argued from 
this fact ; for by this time the whole of the Laurentian highlands would 
be submerged. 

On the higher prairie, sloping up towards the mountains, the drift is 
entirely composed of material derived from them, and consists of quart- 
zite, with softer shaly and slaty rocks, and limestoue, which is generally 
■distinguishable from that of the eastern origin. No granite or gneissic 
xooka occur in the vicinity of the forty-ninth parallel, or northwards in 
British America, in the eastern ranges, so far as is known. Southwards, 
in Montana, granites and gneisses are found underlying all the other for- 
mations, but they do not appear to be very extensively exposed. 

7. The Rocky Mminlauis. — The brook issuing eastward from the mouth 
of the South Kootanie Pass has cut through a great thickness of clean 
gravel drift, composed of large and uniform well-rounded pebbles. 
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the brook, on the flanks of the mountains on the south side, arc Bcjvoral 
well-preserved terrace-levels composed of similar material. The hiKliost 
of these, though its altitude was not actually measured, was estimated 
from the known altitude of the Pass to be about 4400 feet above the sea. 
From the position of these terraces, in the open eastern throat of the pass, 
from which the whole surface of the country falls rapidly away, they can 
hardly be other than old seamarks. The topography of the region would 
not allow me to explain them on any hypothesis of a former moraine 
blocking up the valley. 

Dr. Hector has measured similar terraces at several points along the 
Rocky Mountains north of the region now more especially under consid- 
eration, and states that they may be said to range from 3500 to 4500. feet 
above the sea. He also states that in the region examined by him the or- 
dinary Laurentian erratics were not observed above 3000 feet, but mentions 
a very remarkable line of boulders of red granite deposited on the plains 
at a height of 3700 feet, which, knowing what we do now of the country, 
can hardly be supposed to have other origin than the Laurentian axis. 

Among the Rocky Mountains themselves traces of the former action 
of glaciers are everywhere abundant, though in the part of the range near 
the forty-ninth parallel glaciers do not at present exist. They are, how- 
ever, found further north. The evidence here met with so closely re- 
sembles that found in many other mountain regions as to render it 
unnecessary that it should be gone over in detail. Nearly all the valleys 
hold remnants of moraines, some of them still very perfect. The harder 
rocks show the usual rounded forms ; but striation was only observed in 
a single locality, and there coincided exactly with the main direction of 
the valley. 

The valleys radiating from the summits of greatest elevation hold long 
lakes, many of which appear to be deep, ami are filled with the most 
pellucid water. Whether they are in all cases dammed in by moraine 
matter I was unable to determine. These longer valleys very generally 
terminate in cirques, or amphitheatres, with almost perpendicular back 
and sides, which overlook small but deep terminal lakelets, held in by 
moraine-matter and shattered rock. In these sheltered hollows, and on 
the shady sides of the higher peaks, are masses of perennial snow, which 
have no doubt kept up the direct succession from the time when great 
neves filled the heads of the valleys and the mountains around them 
were completely snow-clad, and are only waiting some change in the 
climatic conditions to advance again down the old valleys and occupy 
the places they formerly filled. 
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8. State of the Interior Region of the Continent previous to the Glacial 
Period, — Before the onset of glacial conditions we find the continent stand- 
ing at least at its present elevation, with its complete system of drainage 
from the larger river- valleys to many of their less important tributaries 
already outlined. Subaerial action must before this time have been in 
operation for a vast period, all the great features of the western plains 
having been already marked out, and the removal of a truly enormous 
mass of the soft and nearly horizontal Tertiary and Cretaceous rocks 
eflfected. That some very considerable changes in the direction of the 
drainage of the country in preglacial and in modern times took place, 
however, is probable. An examination of the Lake-of-the- Woods region 
and a comparison of levels render it almost certain that the waters of 
the area now drained by its tributary streams then found their outlet 
southward and westward, towards the present valley of the Red River, 
and that only after the blocking up of the southern region with the 
deposits of the drift did the waters flow over the pre-existing broach in 
the northern rim of the lake, and descend over the surface of the Laur- 
entian to Lake Winnipeg. The Winnipeg River does not show any of 
the characters of a true river-valley, but consists of eroded and glaciated 
rock-hollows, from one to another of which the stream falls. There is 
also some evidence to show that the Red River itself, agreeing with the 
general structure of the country, flowed southwards; and if so, the 
Saskatchewan, too, would probably with it join the former representa- 
tive of the Mississippi. 

This subject, however, requires a more detailed discussion than can be 
granted it in this place. 

9. Mode of Glaciation and Formation of the Drift Deposits. — To the 
precise manner in which the Glacial period was initiated, the area now 
in question gives no clue ; but there does not seem to be either in the 
Laurentian region, or over the area of the plains, or in the Rocky Mount- 
ains, any evidence necessitating the supposition of a great northern ice-cap 
or its southward progress. 

The great drift ridge of the Missouri Coteau at first sight resembles a 
gigantic glacier-moraine ; and, marking its course * in the map, it might 
be argued that the nearly parallel line of elevations, of which Turtle 
Mountain forms one, are remnants of a second line of moraine produced 
as a feeble effort by the retiring ice-sheet. 

Such a glacier must either have been the southern extension of a polar 
ice-cap, or derived from the elevated Laurentian region to the east and 
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north ; but I think, in view of the physical features of the country, 
neither of these theories can be sustained. 

To reach the country in the vicinity of the forty-ninth parallel a 
northern ice sheet would liave to move up the long slope from the Arctic 
Ocean and cross the second traverse watershed, then, after descending 
to the level of the Saskatchewan valley, again to ascend the slope 
(amounting, as has been shown, to over 4 feet per mile) to the first 
transverse watershed and plateau of the Lignite Tertiary. Such an ice- 
sheet, moving throughout on broad plains of soft, unconsolidated Creta- 
ceous and Tertiary rocks, would be expected to mark the surface with 
broad flutings parallel to its direction, and to obliterate the transverse 
watersheds and valleys. 

If it be supposed that a huge glacier resting on the Laurentian axis 
spread westward across the plains, the physical difficulties are even more 
serious. The ice moving southward, after having descended into the 
Red River trough, would have had to ascend the eastern escarpment of 
soft Cretaceous rocks forming its western side, which in one place rises 
over 900 feet above it Having gained the second prairie-steppe, it 
would have had to pass westward up its sloping surface, and surmount 
the soft edge of the third steppe without much altering its form, and 
finally terminate over 700 miles from its source, and at a lieight exceed- 
ing the present elevation of the Laurentian axis by over 2,000 feet. 
The distribution of the drift equally' negatives either of these theories, 
which would suppose the passage of an immense glacier across tlie plains. 

In attributing the glacial phenomena of the great plain to the action 
of floating ice, we are in accord with Dr. Hector, who has studied a great 
part of the basin of the Saskatchewan — and also with Dr. Hay«len, who, 
more than any other geologist, has had the opportunity of becoming 
familiar with all parts of the Western States. 

The glaciating agent of the Laurentian plateau in the Lake-of-the- 
Woods region, however, cannot have been other than glacier-ice. The 
rounding, striation, and polishing of the rocks there, are glacier-work ; 
and icebergs floating, with liowever steady a current, cannot be supposed 
to have passed over the higher region of the watershed to the north, and 
then, following the direction of the striae and gaining ever deeper water, 
to have borne down on the subjacent rocks. The slope of the axis, 
however, is too small to account for the spontaneous descent of ordinary 
glaciers. In a distance of about 30 miles, in the vicinity of the Lake 
of the Woods, the fall of the general surface of the country is only about 
3^ feet to the mile. The height of the watershed region north-east of 
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the lake has not been, actually measured ; but near Lac Seul, wLicli 
eioaely corresponds with the direction required by glaciation, according 
to Mr. Selwjn'B meaBuremeuta it cannot he over 1400 feet. The height 
of laud in other parts of the Laureutian region ia very uniformly between 
about 1600 and 1200 feet. Allowing, then, 1600 feet as a Qiaximum 
for the region north-east of the Lake of the Woods, and taking into 
account the height of that lake and the distance, the general slope is not 
greater than about 3 feet per mile — an estimate agreeing closely with 
the last, which ia for a smaller area and obtained in a different waj. 
This slope cannot be considered aufficient to impel a glacier over a rooky 
surface which Sir William Logan has well characterized aa " mamil- 
iated," unless the glacier be a confluent one, pressed outwards mainly by 
its own weight and mass. 

Such a glacier, I conceive, must have occupied the Laurentian high- 
lands ; and from its wall-like front were detached the iceberg which 
strewed the debris over the then submerged plains, and gave rise to the 
various monuments of its action now fouud there. 

The sea, or a body of water in communication with it, which may have 
been during the first stages of the depression partly or almost entirely 
fresh, crept slowly upward and spread west-ward across the plains, carry- 
ing with it icebergs from the east and north. During its progress most 
of the features of the glacial deposits were impressed. In the section 
described at Long River we find evidence of shallow current-deposited 
banks of local material, afterwards, with deepening water, planed off bj 
heavy ice depositing travelled boulders. 

The sen reaching the edge of the slope constituting the front of the 
highest prairie-ievel, the deposition of the Coteau began, and must havS 
kept pace with the increasing depth of the water and prevented the 
action of heavy ice on the front of the Tertiary piateaa. The water 
may also have been too much encumbei'ed with ice to allow the fonna- 
tion of heavy waves. 

The isolated drift highlands of the second plateau, including the 
Touchwood Hills, Moose Mountoin and Turtle Mountain, must also ai 
this time have been formed. With regard to the two former, I do not 
know whether there is any preglacial nucleus round which drift-bearing 
icebergs may have gathered. There is no reason to suppose that Turtle 
Mountain had any such predisposing cause ; but it would appear that t 
shoal once formed, by currents or otherwise, must have been perpetuated 
and built up in an increasing ratio by the grounding of the floating ice. 

The Rocky Mountains were probably also at this time covered with 
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descending glaciers ; but these would appear to have been smaller than 
those of the Laiirentlan axis, as might, indeed, be pre-supposed from 
their position and comparatively small gathering-sarface. The sea, when 
it reached their base, received from them smaller icebergs ; and by these 
and the ebore-ice the qnartzite drift deposits appear to have been spread. 
That this material should have travelled in an opposite direction to the 
greater mass of the drift is not strange ; for while the laiger eaateru and 
northern icebergs may have moved with the deeper currents, the smaller 
western ice may have taken directions caused by surface-currents from 
the south and west, or even been impelled by the prevailing winds. 
Some of the Laurentian debris, as we have seen, reached almost to the 
mountains, while some of the ijuartzite drift can be distinguished far out 
towards the Laurentian axis. 

The oecurrence of Laurentian fragments at a stage in the subsidence 
when, making every allowsDce for subsequent degradation, the Lauren- 
tian axis must have been far below water, would tend to show that the 
'freight and mass of the ice-cap was such as to enable it to remain as a 
glacier till submergence was very deep. The Laurentian axis must 
ajwaya have been somewhat higher, aiid there may have been some 
inequality in the total am.fmnt of snlisideuce anil elevation. 

The emergence of the land would seem to have been more rapid. 
tt?he water in retreat must have rearranged to some extent a part of the 
•urface-matetials. The quartzile drift of the third steppe was probably 
Jonore uniformly spread at this time, and a part of the surface-sculpture 
Of the drifUdeposits of the second plateau may have been produced. It 
iBcems certain, however, that the Bocky Mountains still held compara- 
tively small glaciers, and that the Laurentian region on its emergence 
again clad to some extent with ice, for at least a short time. The 
cloaiog episode of the Glacial period in this region, was tlie formation of 
e great fresh-water lake of the Red River valley, or first prairie-level 
^J^ "which was only gradually drained), and the re-excavation of the river 
&oursea. 

It must not be concealed that there are difficulties yet unaccounted for 
l>j the theory of the gkuiation and deposit of drift on the plains by ice- 
l>^ergs ; and chief among these is the absence, whereevor I have examined 
"ttie deposits and elsewhere over the west, of the remains of marine 
-^Jollnsca or other forms of marine life. With a submergence as great as 
tViat necessitated by the facts it is impossible to explain the exclusion of 
•iVie sea ; for, besides the evidence of the higher western plains and 
ky Mountains, there are terraces between the Lake of the Woods ai 
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Lake Superior nearly to the summit of the Laurentiaa axis, and coriM- 
pouJing beach-marks on the face of tlie northern part of the Becond 
prairie escarpment. 
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IV. THE BRITISH COLUMBIAN REGION. 

The description of this region has, like the last, been taken mainly 
from the published memoirs of Dr. G. M. Dawson, F.G.S., with the ex- 
ception of the Rocky Mountain region, the geology of which has been 
condensed from the Reports of E. S. McConnell, B.A. 

From the western edge of the great plains to the Pacific, between the 
forty-ninth and fifty-sixth parallels, the Cordillera belt of the west coast 
has an average breadth of about 400 miles. Geologically, it may be 
considered throughout as a region of flexure and turmoil, and orographi- 
cally, as one of mountains. As compared with its development in the 
Western States, the Cordillera belt may here be characterized a 
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and narrow. To the north of the fifty-sixth (parallel it has, as yet, only 
been traversed on a few lines and is very imperfectly known topographi- 
•cally and geologically. It appears probable, however, that a wide bay of 
^comparatively undisturbed Cretaceous rocks may penetrate it in the 
region of the upper Liard River, which the echelon range bordering 
the lower part of this stream and the Mackenzie may bound to the east 
A southern prolongation of such a range, beneath the newer rocks, may 
probably be indicated by the remarkable parallel flexures of the great 
rivers of the northern plains, the Liard, Peace, Athabasca and Saskat- 
•chewan. 

Between the forty-ninth and fifty-sixth degrees of latitude the Cor- 
dillera belt is composed of four great ranges or axes of uplift and dis- 
turbance, which may be named the Rocky, the Gold, the Coast and the 
Vancouver Mountains. These are in the main nearly parallel and run 
in north-west and south-east bearings. 

In its southern part, the Rocky Mountain range has an average 
breadth of about sixty miles, which decreases near the Peace River to 
forty miles or less. Near the forty-ninth parallel several summits occur 
with elevations exceeding 10,000 feet, but northward few attain this 
elevation till the head-waters of the Bow River are reached. About 
the sources of the North Saskatchewan and Athabasca the range appears 
to culminate, and Mounts Brown and Murchison occur with reputed 
altitudes of 16,000 and 13,500 feet respectively; near the Peace few 
summits exceed 6000, as far as known. Though more or less extensive 
-snow-fields occur in many places, true glaciers appear only al)out the 
head waters of the Bow, North Saskatchewan and Athabasca. Where 
the line of junction has been closely examined, great faults ooeur along 
the line of boundary between the Mesozoic rocks of the eastern foot-hills 
^nd the palaeozoic of the mountains, and humerous similar dislocations 
are found in the heart of the range parallel to its general course. With 
the exception of a single small area on the Upper Athabasca, reported l)y 
Dr. Hector, no crystalline schists have been found in this range, which 
"Consists almost entirely of sedimentary rocks, largely limestones. A few 
Cretaceous basins, resembling in their character isolated portions of the 
-eastern foothills, are included in the southern part of the range. Some 
of the valleys penetrating the range on the east are lightly timbered or 
in part prairie-like in character, but, as a rule, these mountains are 
thickly wooded wherever sufficient soil exists for the support of trees, 
and, owing to the greater rainfall on the western slopes, the forests are 
there often very dense. 
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From the boundary line Bottliword, the principal passes are as fol- 
lows: — South Kootanie Pass, elevation, 7100 feet; North Kootanie 
pQES, eastern or main summit, 6750 feet j western Hummit, 68U0 feet > 
Crow Neat Pass, suminit, 5500 feet ; Kanaskia Paea, 5T00 feet ; Kiclc- 
ing Horse Pass, 5300; Howse Pass, 5210 feet; Athabasca Pass, 6035 
feet ; Yellow Head Pasa, 3733 feet ; Smoky River Pass, 5300 feet 3 
Pine Kiver Pass, 2850 feet ; Peace River valley, 2000 feet. With tlie 
esceptiou of the route selected for the Caiiadiau Pacific Railway, (th.e 
" Kicking Horse Pass,") these passes are traversed only by rough mount- 
ain trails, practicable for pack auimals. 

The western edge of the Rocky Mountain range is defined by a very 
remarkable straight and wide valley, which can be traced uninterruptedly 
from the forty-uiuth parallel to the head waters of the Peace, a distance 
of 700 miles. This volley is occupied by the upper portions of several 
of the largest rivers, the Kootanie, Columbia, Eraser, Parsnip, and 
Findlay. 

The Gold Ranges, which name may be applied as a general oae to the 
next mountain region, are composed of a number of more or leas clearly 
defined subsidiary ranges, the Selkirk, Purcell, Columbia and Cariboo 
Mountains. Crystalline schiata, including gneisses and traversed by 
intrusive granitic masses, enter lai^ely into tlie composition of these 
mountains, and there is ground for the belief that this is geologically the 
oldest of the ranges of this part of the Cordillera. Many of its Bummits 
exceed 8000 feet, and Mount Sir Donald in the Selkirks on the line of 
the Canadian Pacidc Railway, is 10,6i5 feet high. Though many 
points on the culmiuating ridges of these mountains are abrupt and 
rugged in outline, extensive districts are occupied by rounded or 
plateau-like mountains, which contrast remarkably in appearance witii 
the broken crags of the Rocky Mountains. The width of this mountain 
system may be stated iia about eighty miles, but north of tlie Cariboo 
district, about the head waters of the Peace, it dies away completely, 
though probably again resuming in the Omenica district still further to 
the north-west. 

Between this and the Coast Ranges, stretches a region which may be 
called the interior Plateau of British Columbia, with an average width 
of one hundred miles, and mean elevation of about 3500 feet. Its height, 
on the whole, increases to the south, while northward it falls gradually 
towards the group of lai^^e lakes, and the low country about the head 
waters of the Peace. It has over a great part of its area been covered 
by widespread flows of basalt and other volcanic rocks in the later Ter- 
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tiary period, but is now dissected by deep and trough-like river valleys 

into most of which water standing at an elevation of 3000 feet above the 

present sea level would flow, dividing its surface into a number of islands. 

In some places the plateau is pretty level and uniform ; but usually it is 

only when broadly viewed that its character is apparent. It is practically 

closed to the north about latitude 55' 30' by the ends of several interla- 

cated mountain ranges of which some of the summits attain 8000 feet 

Nearly coinciding with the forty ninth parallel is a second transverse 

mountains zone, formed in a similar wav, which mav be considered as 

limiting it to the south, though traversed by several river valleys, of 

which that of the Okanagan is orographically the most important The 

southern part of the plateau includes much open country, constitutes the 

best grazing region of British Columbia and offers besides some good 

agricultural land. To the north, with increasing moisture, it becomes 

generally forested. 

The coast ranges, with an average width of one hundred miles, are 

frequently named the Cascade Mountains, but this term is a misleading 

one, as they are both geologically and orographically distinct from the 

well-known Cascade range of Washington Territory and Oregon. These 

mountains are largely composed of gneissic and granite rocks and eryst^il- 

line schists. The average altitude of their higher peaks is between 6000 

and 7000, while some exceed 9000 feet. Glaciers are of froqiient 

occurrence and large size in their northern part, and on tho Alaskan 

coast are known in several instances to descend to the sea level. These 

mountains are, as a rule, densely forested and extremely rugged, the flora 

of their seaward slopes being that characteristic of the west coast and 

co-ordinated with its excessive humidity, while on their northern and 

eastern flanks it resembles that of the inland ranges. 

The name, Vancouver Kange, may be applied to the fourtli great 
mountain axis, which, in a partially submerged condition, constitutes 
Vancouver and Queen Charlotte islands, is continued to tho south in 
the Olympian Mountains. The highest mountain of Vancouver Island 
reaches an elevation of 7484 feet, while there is a considerable moun- 
tainous area in the centre of the island which surpasses 2000 feet in 
average altitude. Several summits in the Queen Charlotte Islands 
exceed 4000 feet This range, while still to a considerable extent formed 
of crystalline rocks like those of the Coast range, includes notable areas 
of stratified rocks, and is flanked in places by Cretaceous strata, impor- 
tant because of their coal-bearing character. 



The most remarkable feature of the coast axe its fjords 
which, wliile quite analogous to those of Scotland, Norway, and Green- 
land, prob[ibly aiirpaaa those ot Any part of the world (unless it be the 
last-niimed couutry) in dimensions and complexity. The great height 
of the rugjted luountaiu walls which Ijorder them also gives them a 
grandeur ijiiitp their own. The long river-like lakes of the interior of 
the province reproduce the features of these fjords on a smaller scale, 
and hold a homologoua position to the inland ranges. 

In treating of the rock structure of the Cordillera belt, in British 
Columbia, it will be most convenient to outline that ot each of its great 
oomiionent regions, in so far as the older formations are concerned. The 
Cretaceous and Tertiary of the entire belt, whioh rest upon these in a 
comparatively little disturbed or altered state, may then be considered. 

The ranges of the Rocky Mountains have been explored by Sir 
J. Richanlsou, Dr. Hector and Dr. Selwyn, and more recently by Dr. 
G. M. Dawson and Mr. R. G. McConuell.* According to the hitter the 
whole Iwlt nay be divided into two regions, an eastern and a western. 
The former presents a series of faulted and often over-lapped rocks, in- 
dicating great pressure from the west and angular fractures and lateral 
thrusting of the beds. The latter is, on the other hand, a region of great 
folding without reversed faults and witli much regional metamorphism. 

The formations of the eastern belt are, in descending order : 

1. The Cretaceous beds forniiog limited troughs. 

2. The Banff limestones and shales and "Intermediate Limestone," 
which are Upper Palaeozoic (Devono-Carboniferoaa). 

3. The Castle Mountain series, consisting of beds of Cambrian a 

The whole thickness of these beds is estimated at 18,000 feet. 

In the western belt the highest beds are of Silurian age and from their 

ebaracteristic coral have been named the Halysitea beds. Below these 
are Siluro-Camhrian shales holding Graptolites ( Didymoffmptnii, GIomo- 
ffraptm, Vri/ptoffraphia, Diplographu), Climacoffraptua, etc.) They are 
held by Lapworth to he of Trenton, Uiica or Llandeilo age. Same of 
the forms are well-known American and European species. Under these 
are the Cambrian, represented by a great series of bods equivalent to 
those of the Castle Mountain series of the eastern belt and a lower series 
known as the Bow River group. The former consists largely of lime- 
stone and dolomite, the latter of argillite. It has afforded fossils of the 
geiiera Paradnxidee and Oleiieihts, now regarded as of Middle or Lower 
Cambrian a^e. 

" Geol. Survey of Canftda, 1S8«. 
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H^ The Caml^rian fossils of the Kotky Mountains were first discovered by 
V officers of the Geological Survey in 1884, and are noticed in McConnell'e 
Report for 1887. Specimena have also found their way to the hands of 
United States geologists, and have been described by Romiger and 
Walcott, who, however, differ aa to their classification.* According to 
Whiteaves tlie fossils belong to tliree distinct horizons. Lower and 
Middle Cambrian forms as Olenelbts and Paroi/ojndaf, etc., were found 
near the base, and about 2000 feet higher sucli Middle and Upper Cam- 
brian forms as Oltawides and Duropyije with two species of Bathyunis, 
while the upper b 1 j'eld d Itapkidoma roUdiformie and an Asaphttt, 
and are therefore p bably S 1 ro-Cambrian. 

The Cretaceous ka of the ea. tern belt consist of shales holding in 
some places produ t bed of Anthracite coal, and they are over-ridden 
by the older rock th re I faults and folded in abrupt troughs, 

showiDg that the gr at it m nts which have affected this belt are 
post-cretaceous. 

South of the region just described, in the Rocky Mountains between 
the fiftieth and forty-ninth parallels, a wide-spread fiow of contempor- 
aneous, amygdoloiilal trap occurs in the upper part of the section, and is 
probably referable to the Carboniferous period. Above this is a thick- 
ness of several hundred feet of red sandstones and flaggy magnesian 
sandstones and limestones. 

These doubtless represent the Trias or Juia-Trias, which with similar 
lithological eharaetei's is very extensively developed ia the Rocky Moun- 
tain region further south. The conditions indicated are those of an 
inland lake, and the occurrence of mud-cracks, ripple-marks, and the 
impressions of salt crystals show that considerable surfaces were at times 
dry, or but lightly covered by water. These beds have not been found 
further north in the range than the North Kootanie Pass, and it would 
appear probable that this is about the ancient limit of the Triassic inland 
aea. About the Peace River, and as far north as the Liard, Triassic beds 
have been found, but they are dark shales and sandstones quite different 
in character, and hold marine fossils of tlie age of the "Alpine Trias" of 
the Western States. 

Uncon form ably underlying these are rocks which may now be pro- 
visionally classed as Cambrian, on the evidence of a few fossils found in 
the Columljia valley, and from analogy with beds described in the 
"Western States since this section was first published, though it is quite 
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possible that Silurian beds may also be iucluded. In some places, west 
of the Flathead River, tlie red heds included with these are character- 
ized by Bun-cracks, ripple-marks and prints of salt crystals precisely 
resembling those of the Trias and indicating similar conditions of deposit, 
though of vastly greater antiquity. Contemporaneous flows of diorite or 
diahase are also found at some horizons, and in tracing this series of rocks, 
which must in the aggregate be of great thickness, from point to point 
in the range, its lithological character is found to be very varied, and the 
subdivisions worked out in the neighbourhood of Watertown Lake, 
would appear to be inconstant. 

In the Peace Kiver district, on the fifty-fifth and fifty-sixth parallel, 
the axial mountains of the range are composed of massive limestones of 
Devonian and probably also of Carboniferous ^e, associated with saccha- 
roidal quartzites. On the west side these are believed to overlie a series 
of ar^illites which occasionally become micaceous schists and slates, and 
also include quartzites. These rocks, which are probably Cambrian, are 
kno4Tn to occupy a long trough east of the Parsnip river, and cross the 
Misinchinca with considerable width. 

As before observed, the geological structure of the Gold Range, or 
second mountain axis, ia little knowa Cambrian rocks like those of the 
Kocky Mountains characterize its eastern portion, while its western side 
is largely composed of highly crystalline rocks, including gneiss, and 
considerable areas of granite. These are complicated, where they have 
been observed, by the occuiTcnce of areas of much altered rocks resem- 
bling those of the interior plateau region, next to the west. Among 
these is a series of dark slates or schistB which are the auriferous rocks 
in the Cariboo district and elsewhere. The age of these has not been 
determined. 

The district coloured as Archsean on the published maps, while 
therefore probably in a large part composed of rocks of this period, ia 
much more heterogeneous in character than can he indicated with our 
present information. The thickness of the crystalline rocks displayed 
on Shuawap Lake, has been estimated at about 32,300 feet. An isolated 
area of gneissic rocks doubtless belonging to a continuation of the main 
axis, as shown on the map, occurs at Carp Lake, west of McLeod Lake. 

Tlie Palffiozoic rocks of the interior plateau region of British Columbii 
ore very varied in lithological character, but may bo said, as a whole, 
to consist of massive limestone and compact or slialy quartzite, together 
with great beds of diorites or diabases, felspathic rocks and agglomerates, 
and some beds of serpentine. The last named material occurs in aasocia- 
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tion with the contemporaneous volcanic materials, and doubtless repre- 
sents the alteration product of olivine rocks. It is of interest as being 
of a period so recent as the Carboniferous. The limestones are not 
iinfrequently converted to coarse-grained marbles, and together with the 
quartzite, appear in greatest force on the south-western side of the area 
they occupy. They have now been traced, maintaining their character 
pretty uniformly throughout, from the forty-ninth to the fifty-third 
parallel. Schistose or shaly argillite rocks, which may represent those 
folded with the Gold Range series, also occur. 

In regard to the evidence of the age of these Palaeozoic beds which 
must have in the aggregate a vast thickness, the following points may be 
stated. A portion at least of these rocks was, in 1871, shown by fossils 
collected by Dr. Selwyn, to belong to a horizon between the base of the 
Devonian and summit of the Permian ; additional fossils have since been 
procured, of which the most characteristic is the peculiarly Carboniferous 
foraminifer FiLsidiiia, which has now been found in several localities 
scattered over a wide area. While it is therefore quite possible that rocks 
of all stages of the Palaeozoic may yet be identified in the interior plateau, 
there is as yet no proof that any of a date earlier than the Carboniferous 
occur, and the association of the other beds with the fossiliferous lime- 
stones is such as to show that a considerable part of them must be approxi- 
mately of this ago. 

In the southern portion at least of the interior plateau region there 
•exist, besides the Palaeozoic rocks above described, and in addition to the 
probably in part Triassic argillites, extensive but as yet undefined areas 
of Triassic rocks of another character. These are largely of volcanic 
origin and have been designated the Nicola series. They have generally 
a characteristically green colour, but are occasionally purplish and consist 
<5hiefly of felspathic rocks and diabases, the latter often more or less 
decomposed. These rocks are in some cases quite evidently amygdaloidal 
or fragmental, and hold towards the base beds of grey sub-crystalline 
limestone intermingled in some places with volcanic material and contain- 
ing occasional layers of water-rounded detritus. 

Preliminary investigations along certain lines have now been made of 
the north-western extension of the region lying between the Rocky 
•Mountains and the Coast Ranges in the extreme north of British Columbia 
and in the upper Yukon basin. Though its limiting ranges previously 
mentioned are still recognizable there, the orographic features of this 
country are not so simple as those in the south. The rocks, however, are 
closely analogous in general character to those above described, those of 
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Palaozoio age covering tlie greatest area. The PalBBozoio rocks include 
limestones, qiiartzites, argillitea, schists and slates with a notable propor- 
tion of flgglomeiatea and other luateriala of volcanic origin, and are all 
pretty thoroughly altered and hardened and considerably flexed. Near 
Dease Lnke, on the Pelly River, and elsewhere, heJa of serpentine occur, 
and the associated rocks in these and many other places are preponder- 
antly schistose and slaty, tunning through a number of varieties, but 
closely resembling the schistose and slaty rooks of Cariboo and othergold- 
bearing districts to the south, and here also yielding gold. 

These Palfeozoic rocks are here interrupted by granite areas, which gen- 
erally rise in the form of ridges or mountain elevations, and are in soma 
places flanked by more or Ifss considerable occurrences of crystalhne 
schists which appear to be more iiighly altered portions of the Paleozoic. 
Fossils of Carboniferous age have been obtained from the limestones in 
several places, and from shales in the Dease river graptolites of ^fiddle 
Ordovician age have been determined. Though the information available 
is still insufficient for the separation of the various formations, it is pro- 
bable that rooks ranging from the Cambrian to the top of the Palieozoifl 
and possibly also iucliiding the Triassic, may be embraced in this great 
preponderantly Paljeozoie area. 

The Coast Ranges of British Columbia are remarkably uniform in com- 
positiou from the vicinity of the Fraser, where they originate, to the head 
of Lynn Channel— a length of about 900 miles. They are everywhere 
largely composed of grey granites which usually contain both hornblende 
and mica, and often show a notable abundance of the firat-named mineral. 
With these are associated gneisses and other crystnlliae schists, together 
with belts of more or less highly altered argillites which often pass into 
black staurolitic and micaceous schists, while limestones are represented 
in some places by highly crystalline marbles, Some of these rocks are 
infolded and more or less completely altered portions of tlie Paleeozoic 
strata previously described, but it yet remains to be determined whether 
there are represented any pre-palteozoic stratified rocks, or whether all 
those met with may be explained as products of the extreme metamor- 
phism of paleozoic materials. Portions of the lower part of the Creta- 
ceous series are found here and there at considerable elevations, resting 
in a comparatively unaltered state on the upiieaved rocks of these ranges. 

Vancouver and the Queen Charlotte Islands represent unsubmeiged 
features of another mountain axis, but one of less energetic uplift. 
While granitic areas here still occur, these are of less importance and oftea 
festly intrueious. 




BRITISH COLUMBIAN REGION. 211 

In Vancouver and the Queen Charlotte Islands all the stnitifioii rooks, 
periods anterior to the Cretaceous, have suiroreii groat floxuro and 
disturbance, accompanied by more or less complete nu'taniorphism, and 
^fcis composition indicates throughout a continuanco or roourriMioo of 
Volcanic action on an enormous scale. Rocks originally of volonnic 
Origin characterize the greater part of the entire area, and thoso in tlieir 
Present condition, at first sight, and as judged by eastern Amorioau 
Analogies, might often be supposed to represent formations ooeupying a 
Very low stage in the geological scale. These volcanic rooks, originally 
composed of minerals already crystalline, have yielded reailily to suKso- 
quent alteration and recrystallization, and now, for the niost part, appear 
as diabase, felsite and diorite, more or less massive, but passing looally 
into true schists. The massive varieties frequently show little eviilonoo 
of a bedded character, but, when closely exaniineil and traced out^ are 
found to form portions of a stratified series of great thiokness, whioh in- 
cludes, besides the preponderant volcanic materials, impDrt^mt inten^ala- 
tions of flaggy and slaty argillites of quartzito and of linn^stone. 

The greater part of the old volcanic rocks appear to have oonsistoii 
originally of basaltic and trachytic lava flows, alternating with rough 
volcanic breccias and tufls, largely comi)osed of fragments of suoh flows. 
These have been deposited in the bed of a sea in which life was at in- 
tervals possible for considerable periods. 

The entire series thus built up must have a thiokness of many thou- 
sand feet, but no complete section of it can yet be given, and the 
evidences of age, as derived from fossils, is scanty. Obscure fossils, 
which are probably of Carboniferous age, have been fountl in some of 
the limestones of Vancouver Island, and beds of the same age nuvy also 
occur in the southern part of the Queen Charlotte Islnnils. The most 
important zone of argillites and limestones, however, which is known in 
some places to attain a thickness of 2,500 feet, has yielded a number of 
fossils characteristic of the so-called Alpine Trias of California and the 
fortieth parallel region, which represents the Hallstadt and St. Cassian 
beds of Europe. 

For this entire complex mass of pre-cretaceous rocks, the name Van- 
couver series is provisionally employed, though it is intended to restrict 
this name to the Triassic rocks when they shall have been distinctly 
separated. 

Lying everywhere quite unconformably upon the older beds so far 
described, are the Cretaceous rocks, which constitute on the coast the 
true coal-bearing horizon of British Columbia. These rocks probably at 
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gate they hold true anthracite coal, which, besides being a circumstance 
of considerable geological interest, would become, if a really workable 
T)ed could be proved, a matter of great economic importance to the 
Pacific coast. 

At Skidegate, where these rocks are most typically developed, they 
admit of subdivision as follows, the order being, as before, descending : 

A. Upper shales and sandstones 1500 feet. 

B. Coarse conglomerates 2000 " 

C. Lower shales with coal and clay ironstone. . . 5000 " 

D. Agglomerates 3500 ** 

E. Lower sandstones 1000 " 

13,000 feet. 

The total thickness is thus estimated at about 13,000 feet. With the 
exception of the agglomerates, the rocks in their general appearance and 
degree of induration compare closely with those of Vancouver Island. 
The agglomerates represent an important intercalation of volcanic mate- 
rial, which varies in texture, from beds holding angular masses a yard in 
diameter, -to fine ash rocks, and appears at the junction to blend com- 
pletely with the next overlying subdivision. The beds are generally 
felspathic and often more or less distinctly porphyritic. 

At the eastern margin of the formation, the rocks lie at low angles, 
but become more disturbed as they approach the mountainous axis of 
the Islands, showing eventually in some cases overturned dips. It is in 
this disturbed region that the anthracite coal has been found, and from 
the condition of included woody fragments in the eastern portion of the 
area it is probable that any coal seams discovered there would be bitu- 
minous, like those of Vancouver Island. 

The fossils from these beds are all from the lower portion of the 
formation, which is conclusively shown to represent the Chico group of 
the Californian geologists, which, with the locally developed Martinez 
group is considered to be equivalent to the Lower and Upper Chalk of 
Europe.* The highest subdivision of the Californian Cretaceous, the 
Tejon group, is supposed to represent the Maestricht, and, in the absence 
of fossils from the upper portion of the Vancouver Island formation, it 
is possible that it may be equally young. The flora of the Vancouver 
Cretaceous consists largely of modem angiospermous and gymnospermous 
genera, such as Qicercm, Platanus, Popuhis and Sequoia : several of the 
genera and a few of the species being common to it and to the Dakota 
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^^^H group of the MidJle Cretaceous of the interior region of the cotttinent, 

^^^1 The botanical evidence, while yet imperfect, ia therefore by no means ^ 

^^H in contradiction to that afforded by the aiiimnls and the stratigraphy. 
^^H A number of fossils from the Queen Charlotte Islands have also been ,C3 

^^B described and figured from Mr. Kichanlson's collections and those of Dr. _ -: 

^^H Dawson. There are few coses of specific identity between the forms in^cia 

^^m the Vancouver Cretaceous, previously described, and those of the Queen«z« 

^^B Charlotte Islands, the latter representing a lower stage in the Cretaceous^s 

^H formatiaQ. The plants found in these rocks, embracing □umerous conifer-~!a 

^H oua trees and a species of Cycad, also indicate a greater age than those oti -m 

■ Yancouver. 

H The coal-bearing beds at Quatsino Soun<J,oii the west coast of Vaneouve ^^ 

■ Island, have also yielded a few fossils. These consist chiefly of welM 

■ characterized specimens of iiuce/ia Pioehii, which occurs but sparingly i^^» 
I the Queen Charlotte Islands, and brings the rocks into close relations tiitZZMi 
I the Aucella beds of the mainland of British Columbia, and in M^ht'. 
I Whiteaves' opinion probably indicate an " Upper Neocomian " age. Tl»e 

rocks of the Queea Charlotte Islauds and Quatsino may therefore he taken 
together us representing the upper and lower portions of the ao-callad 
Shasta group of California, which in British Columbia can now be readily 
distinguished by their fossils. 

On the mainland, developed most cbaracteristicaliy along the uorth- 
e-astern border of the Coast Eange, is a massive series of rocks first referred 
to by Dr. Selwyn, in the provisional classification adopted by him in 1871, 
r as the Jackass Mountain group, from the name of the locality in which 

they are best displayed on the main waggon-road- The age of these rocks 
was not known at this time, but fossils have since been discovered ia the 
locality above mentioned, and in several others, the most characteristic 
forms being Atuvlla Piacliii and Belemnites impresses. The rocks are i 
generally hard sandatones or quartzites, with occasional argillites, and very 1 
thick beds of coarse conglomerate. A measured section oa the 
Eiver iacludea over 4400 feet, without comprising the entire thickness of I 
the formation. Behind Boston Bar, on the Frasor River, the formation 
ia represented by nearly 5000 feet of rooks, while on Tatiyoco Lake 
probably does not fall short of 7000 feet. At the last-named place 
beds are found to rest on a aeries of felspathic rocks, evidently vol 
in origin, and often more or less distinctly porphyritic. On the IltasyouJ 
Eiver, near the fifty-first parallel, and in similar relation to the ( 
Range, an extensive formation characterized by rocks of voIcb 
and often porphyritic, has also been found. Its thickness must be t 
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great, and has been roughly estimated at one locality at 10,000 hel. It 
haa been supposed, on lithological gronnds, to represent the porjiliyritiQ 
formation of the vicinity of Tatlayoco Lake, and fossils found in it linvo 
been described as Jurassic. From analogy since developed with the 
Queen Charlotte Island fauna, however, Mr. Whiteaves now believes that 
the Iltasyouco beds aie also Cretaceous, 

Still further north the Cretaceoua fornintion is not confined to the 
Ticinity of the Coast Range, but spreads more widely eastwaril, liaitig in 
ftll probability represented by the argillites and felspathic and calcareous 
sandstones of the Lower Nechocco ; and, as the explorations of 187^ have 
shown, occupying a great extent of country on the fifty-fifth parallel about 
the npper part of the Skeena and Babine Lake. They here include fels- 
patbic rocks of volcanic origin similar to tlioso of the Itasyouoo, which 
are most abundant on the eastern flanks of the Coast Range, and pro- 
bably form the lower portion of the group. Besides these volcanic rocks, 
there is, however, n great thickness of eom para lively soft sandstones and 
argillites, with beds of impure coal. The strata are arranged in a serioa 
of folds more or less abrupt, and have a general north-west or south-oaat 
strike. It is not impossible, frum the general pal»ontologicnl identity of 
the rocks of the interior with the older of those of the const, that the 
Skeena region mny eventually be found to contain valuable coal-seams, 
but this part of the country is at present very difflcizlt of ftnoesa, and there 
is no inducement to explore it. 

More or less considerable areas of Cretaceous rocks are found still fur- 
ther northward, as far as the basin of the upper Yukon. 

The Tertiary rocks do not form any wide or continuous belt on the 
coast of British Columbia, aa is the case farther south. They are found 
near Sooke, at the southern extremity of Vancouver Island, in the form 
of sandstones, conglomerates, and shales, which are sometimes carbon- 
aceous. Tertiary rocks also occupy a considerable area about the mouth 
of the Ftaser River ; extending southward from Burrard Inlet, across the 
International boundary formed by the forty-ninth parallel, to Bellingham 
Bay and beyond. Thin seams of lignite occur at Burrard Inlet. Sections 
of the Tertiary rocks at Bellingham Bay are given in Dr. Hector's official 
report Lignite beds were extensively worked here some years ago, but 
the mine has been abandoned owing to the superior quahty of the fuels 
now obtained from Nanainio and Seattle. About the estuary of the 
Fraaer the Tertiary beds are ranch covered by drift and alluvial deposits, 
and are consequently not well known. Lignites, and even true 
have been found in connection with them, but so far in beds too thin to 
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be of value. Fossil plants from Burrard Iiilet and Bellingham Bay have 
been described by Newberry and Lesqnereux, and these ate supposed to 
indicate a Mioctine age for the deposits. 

Much farther north, in the Queen Charlotte Islands, the whole north- 
eastern portion of Graham Island has now been shown to be underlaid 
by Tertiary rooks, which produce a flat or yently undulating country, 
markedly different from that found on most pnrts of the coast. The 
prominent rocks are of volcaniu origin, including basalts, dolerites, 
trachytic rocks, and in one locality obsidian. Numerous examples of 
fragmental volcanic rocks are also found. Below these, but seen in a 
few places only, are ordinary sedimentary deposits, consisting of sand- 
stones or shales, and hard clays with lignites. At a single locality on the 
north end of Graham Island, beds with numerous marine fossils occur. 
These, in so far aa they admit of specific do termination, represent shells 
found in the later Tertiary deposits of California, and some of which are 
still living on the north-west coast ; and the assemblage ia not such as to 
indicate any marked difference of climate from that now obtainbig. 

The Tertiary rocks of the coast are not anywhere much disturbed or 
altered. The relative level of sea and land must have been neai'ly as at 
present when they were formed, and it is probable that they originally 
spread niucii njore widely, the preservation of such an area as that of 
Graham Island being due to the protective capping of volcauie racks. 
The beds belong evidently to the more recent Tertiary, and though the 
palteoatological evidence is scanty, it appears probable from this, and 
by comparison with other parts of the west coast, that they should be 
called Miocene. 

To the east of the Coast or Cascade Eange, Tertiary rocks arc very 
extensively developed. They have not, however, yielded any marine 
fossils, and appear to have been formed in an extensive series of lakes, 
which may at one time have submerged much of the region described as 
the interior plateau. The Tertiary lakes may not improbably Lave been 
produced by the interruption of the drainage of the region by a renewed 
elevation of the coast mountains, pi'oceeding in advance of the power of 
the rivers of the period to lower their beds ; the movement culminating 
in a profound disturbance leading to a very extensive volcanic action. 
The lower beds are sandstones, clays, and. shales, geueniUy pale-greyish or 
yellowish in colour, except where darkened by carbonaceous matter. 
They frequently hold lignite, coal, and in some even tme bituminous 
coal occurs. The sedimentary beds rest generally on a very irregular 
surface, and consequently vary mach in thickness and character 
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«nt parts of the extensive region over which they occur. The lignites 
appear in some places to rest on true " underclays," representing the soil 
on which the vegetation producing them has grown, while in others — as 
at Quesnel — they seem to be composed of drift-wood, and show much 
clay and sand interlaminated with the coaly matter. 

In the northern portion of the interior the upper volcanic part of the 
Tertiary covers great areas, and is usually in beds nearly horizontal, or at 
least not extensively or sharply folded. Basalts, dolerites, and allied 
rocks of modern aspect occur in sheets, broken only here and there by 
valleys of denudation, and acidic rocks are seldom met with except in 
the immediate vicinity of the ancient volcanic vents. On the lower 
Nechacco, and on the Parsnip River, the lower sedimentary rocks appear 
to be somewhat extensively developed without the overlying volcanic 
materials. 

The southern part of the interior plateau is more irregular and moun- 
tainous. The Tertiary rocks here cover less extensive areas, and are 
much more disturbed, and sometimes over wide districts — as on the 
Nicola — are found dipping at an average angle of about thirty degrees. 
The volcanic materials are occasionally of great thickness, and the little 
disturbed basalts of the north are, for the most part, replaced by agglom- 
erates and tufas, with trachytes, porphyrites, and other felspathic rocks. 
It may indeed be questioned whether the character of these rocks does 
not indicate that they are of earlier date than those to the north, but, as 
no direct palseontological evidence of this has been obtained, it is pre- 
sumed that their different composition and appearance is due to unlike 
conditions of deposition and greater subsequent disturbance. No volcanic 
rocks or lava flows of Post-glacial age have been met with. 

The organic remains so far obtained from these Tertiary rocks of the 
interior consist of plants, insects, and a few fresh-water molluscs and fish 
scales, the last being the only indication of the vertebrate fauna of this 
period. The plants have been collected at a number of localities. They 
have been subjected to a preliminary examination by Sir W. Dawson, 
and several lists of species published. While they are certainly Tertiary, 
and represent a temperate flora like that elsewhere attributed to the 
Miocene, they do not afford a very definite criterion of age, being derived 
from places which must have differed much in their physical surround- 
ings at the time of the deposition of the beds. Insect remains have been 
obtained in four localities. They have been examined by Mr. S. H. 
Scudder, who has contributed three papers on them to the Geological- 
Reports, in which he describes forty species, all of which are considered 
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new. 2fone of the insects liave been found to c 

single locality, which causes Mr. Scudder to observe that the 

from whicli they came mny either differ coneidembly in age, or, with 

the fact that duplicates lave seldom been found even in the same locality, 

evidence the existence of different surroundings, and an exceedingly rich 

insect faiuia. 

Though a large part of the interior plateau may at one time have been 
pretty uniformly covered with Tertiary rocks, it is evident that some 
regions have never been overspread by them, while, owing to denudation, 
they have since been almost altogether removed from other districts, and 
the modern river valleys often cut completely through them to the older 
rocks. The outlines of the Tertiary areas are therefore now irregular 
and complicated. 

Plehtoeene DepoaiU.-^The following notes embrace tlie latest observa- 
tions of Dr. G. M. Dowaoii, in British Columbia, which seems to be 
remarkable for the great development of its glacial phenomena. — 

It bu been shown' that st one stage in ths Glsoial perind— thnt of maxiinum 
glodation— a great confluent ice-muBljOB occupied theref^ion which may benatned the 
Interior Plateau, between the Coast Mountaini and Gold and Koeky Mountain 
Raises. From tlie flfty-Bfth to the foity-ninCh parallel thie gn^t glacier hoa leFt 
traoea of its general aouthivard or sauth-eaBtward movsment, which are diBtioct from 
tlioae of aubaequent local glaciers. The soutbem extenaiona or terminations of this 
oonfluent glacier, in Washington and Idaho Torritoriea, have quite reoentl; been 
examined by Mr. Bailey Willis and Frof. T. C. Cbambarlin, oF the U.S. Geolugical 
-Survey .t There is, further, evidenaetoshow that this inland ic? flowed also, by trans- 
verse valleys and gaps, acrosa the Ooaat Range, and that the fiorda of the coast were 
thus deeply filled with glaoiec-ice, which, supplemented by that originating on the 
Caaat Range itself, buried the entire great valley which aaparatea Vancouver Island 
frotii the mainland, and discharged seaward round both ends of the island. Further 
nortli, the glacier extending from the mainland coast, touched the northern shores of 
tbe Queen Charlotte Islands. The observed facts on which these general statements 
are baaed have been fully detailed in the publications already referred to, and it is not 
the object of this note to review former work in the r^ion further than to enumerate 
the main features developed by it, and to add to these a summary of observations made 
dnrii^ the summer of 1887 in the extreme northof British Columbia, and in thoVukoo 
basinbeyond the sixtieth parallel, whioh forms thenorthernbouodary of that province. 

The littoral of the south-eastern part or "coast strip" of Alaska presents features 
identical nith those of the previously examined coast of British Columbia, at least as 
for north as tat. 59°, beyond which I have not seen it. The coast archipslogo has 
evidently beon involved iu the border of a confluent glacier which spreads from the 
mainland and was subject to minor variationa in direction of flow dependent on surface 
irregularities, in the manner described in my report on tbenofthem part of Vancouver 

•Quart. Joum. Qeol. Soc. vol. xxxi. p. 89. Ibid. vol. xixiv. p. 272. CanodiaD 
Naturalist, vol. viii. 

tBuUetin U.S. Geol. Survey, No. 40, 1887. 
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^BlBiid.* No eonclusive evidenca was hara found, boWBver. either in the valley of the 
Stikine Eiver or in the pass leadini; inland from the head nf Lynn Canal, (a show 
that the ica forced seaward acnias the Coaat Range, though analogy with the ccitut to 
the south favours tha belief that it may have done so. The front o{ the glacier must 
havff passed the outer border of the arehi|}ela^Q, as at Sitka, waU-marked glauiution In 
found pointing toward the open Pacific t (average direction about S. 81' W. Mtr.j It 
ii, however, !u the iuterior region, between the Coast Range and the Rocky Mciuntnius 
proper &nd extending northward to lat. 63', explored and examined by us in 18K7, that 
the moat interesting facts have come to light resiiecting the direction of movement ul 
tiie Cordilleran glacier. Here, in the valleys of the Pelly and Lewes branolies of the 
Tnkan, traces were found of the movement of heavy glocier-ice in a northerly direction. 
Kock-Burfocea thus glaciated were observed down the Pelly to the point at which it 
«comes thelSSth meridian, and on the Lewes as far north as lat. 61' 40', the main direo* 
tiou in the first-named valley being nurth-west, in the second north-north-west. The 
points referred to are not, however, spoken iif as limiting ones, for reck exposares suit- 
able for the preservation of glociation are ratber infrequent ou the lower portioni of 
both rivers, and more extended examination may result in carrying evidence of the 
tame kind much further toward tbe elevated plains of the lower Yukon, Neither 
the Pelly valley nor that of the Lewes is hemmed in by high mountMnons country 
except towards the sources, and while local variations of the kind previoufly referred 
to are met vrith, the glaoiation is not susceptible of explanation by merely local agents, 
but rather inipliea the passage of a confluent or more or loss connected glacier over the 

In the Lewea valley, both the sides und summits of rooky hills 300 feet above the 
vater were found to be heavily glaciated, the direction '>n the summit being that of 
Iha main (north-north -west) orographic valleys, while that at lower levels i>i the same 
woinity followed more nearly the immediate volley of tlie river, which liere turns 
locally to the east of north. 

Glaciation was also noted in several placaa in the more mountainous country to the 
Bouth of the Yukon basin, in the Lease and Liard valleys, but the direction of uiove- 
mentof the ice could not be determined satisfactorily, and the influence of local action 
H there leas certainly eliminated. 

Uf the glacial deposits with which the greater port of the area of the inland region 
, la mantled it is not intended here to give any details, though it maybe mentioned 
that tj^ie Boulder-clay is frequently seen in the river sections, and that tliitj generally 
ipMSBs upward into, and is covered by important silty beds, analogous to the silts of 
the NechocGU basin, further south in British Columbia, and to those of the Feaoe 
lUver country to the east of the Rocky Monntaina. It may be stated also that the 
«onntry is generally terraced to a height of 4000 feet cir more, while on an isolated 
, iDountun-top near the height of land between the Liard and Felly rivers (Pacific- 
Arctic watershed) rolled gravel oE varied origin was found at a height of 4300 feet, a 
bnght exceeding that of the actual watershed by over IDOO feet. 

Reverting to the statements made as to the direction of the general glaciation, the 
examination of this northern region may now be considered to have established that 
the main gathering-ground or nisi of the {treat Cordilleran glacier of the west coast, 
was included between the fifty-fifth and fifty-ninth parallels uf latitude in a region 
which, so far as explored, has proved to be of an exceptionally mountainous character, 
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It would further appeal' that this great glncier extended, between the Cmut Range 
and tbe Rock; Mountaina, south-eastward nearlj' Co Int. 48', and north -westward to 
lat. 63', or bejond, while sending also smaller stieams tu the Fea&a Coaet. 

In coDnectioD with the northerly direction of ice-flow here mentioned, it is inter- 
esting to recall the observations which I have collected in a reoently published report 
of the Geological Survey, relating to the northern portion of the continent east of ths 
Mackenzie Hiver.* It is there stated that for tha Arctic eoaat of the continent, and 
the islands of the archipelago off it, there is a considerable volnine of evidence to 
show that the main direction of movements of erratics waa noH/iinard. The most 
striking facts are those derived from Prof. S. Houghton's Appendix to M'Clintock's 
Voyage, where the occurrence is described uE bouldera and pebbles from North 
Somerset, at localities 100 and 133 milen north-eastward and north- westward from 
their supposed points of origin. Prof. Hanghton also ttates that the eut uds of 
King William's Land is strewn with boulders of goeias like that of Montreal Isiand, 
t« the southward, and points out the general northward ice-moveuent thus indicated, 
reCening the carrii^ of the boulders to floating ice n! the Glacial Period. 

The copper said tu ba picked up in large masseB by the Eskimo, near Prinoeaa 
Royal Island, in Prince of Wales Strait, as well as on FHncc of Wales I»land,t baa 
likewise, in all probability been derived from the copper-bearing rocks of the Copper- 
mine River region to the south, as this metal can scarcely be supposed lo occor in 
place in the region of horizontal limestone where it is found.^ 

Dr. A. Armstrong, Surgeon and Naturalist to the "Investigator," notes the 
occurrence of granitic and other crystalline rocks not only on ths south shore of Baring 
Land, but also on the hills at some distance trow the shore. These, from what is now 
known of the region, must be supposed to have come from the continental land to 
the southward. 

Dr. Bessels, again, remarks on the abundauoe of biiuldera on the shore nt Smith's 
Sound in tat. 81' SIV, which are manifestly derived from known localilies on the 
Greenland coaat much farther southward, and adds, " Drawing a conohisiim from 
such observatioDs, it becomes evident that the main line of the drift, indicating the 
direction of its motion, runs from south to north, J 

It may further be mentioned that Dr. R. Bell, of the Canadian Geological Survey, 
has found evidence of a northward or north-eastward movement of the glaoier-ioe in 
the northern part of Hudson Bay, with distinct indications of eastward glnciation in 
Hudson Strait.g For the northern part of tbe Rreat Mackenzie Valley we are ai yet 
without any very definite information, tmt Sir J. Richardson notes that Laurentian 
boulders are scattered westward over the nearly horizontal limestones of the district. 

Taken in conjunction with the facts for the more southern portion of the continent, 
already pretty well known, the observations here outlined would appear to indicate a 
genenj movement of ice outward, ia all directions, from tlie great Laurentian axis or 
plateau which extends from Labrador round the southern extremity of Hudson Bay 
to the Arctic Sea; while a second, smaller, though still very important rt^jion ot 
dispersion — the Cordillenin glacier-mass — occupied the Rocky Mountain r^on on 
the west, with the northern and southern limits before approsimately stated. 



* Notes to accompany a Map of the Northern Portion of the Dominion of Canada, 
ast of the Rocky Mountains, p. HT R., Anuual Report, 1S86. 
t De Ranee, In Nature, vol. li, p. 492. 
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The gold of British Columbia has long been known and worked in 
placer deposits along the gold or second mountain range, at Cariboo, 
Cassiar, and elsewhere. The original site of this gold is in the slaty rocks 
of this range. Silver ores and native silver are found at various places 
in British Columbia (Fort Hope, Cheny Creek, etc.) The Cretaceous 
coal of Xaniamo, in Vancouver Island, is extensively mined and beds of 
Anthracite have been opened in the Cretaceous troughs of the Rocky 
Mountains. 
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V. THE ARCTIC OR HUDSONIAN REGION. 

This has as yet been only partially surveyed by the otRcers of tho 
Canadian Survey, principally by Dr. R. Bell, and our information respect- 
ing it is largely due to the observations made and specimens and facts 
collected by the various exploring expeditions. The following summary 
is chiefly derived from Dr. Dawson's " Notes to accompany a map of tho 
Northern portion of Canada," 1887. 

The region includes what may be termed tho Canadian portion of tho 
Basin of the Arctic Sea, extending from Greenland, Batlin Land and 
Labrador on the east to Alaska on the west. It consists in gnjat jxirt of 
the northern portion of the great Archaean nucleus of the contin<'nt with 
belts of Palaeozoic and later rocks around Hudson Bay and tho Arctic 
Sea, and in the valley of the Mackenzie River. 

1. General Geological Structure. — The Archajan or Kozoii; rocks are 
dominant in the northern part of the continent. They form also, so fur 
as has been ascertained, the greater part of Greenlund, and doubtless 
underlie, at no great depth, the entire Arctic archipelago. While tho 
information available is sufficient to indicate tho exifitcnct; of tlu; dillor- 
ent subdivisions of the Archaean which are met with in thn south(?rn por- 
tion of Canada, including the lowest Laurentian or granitoid gmiiss series, 
the Middle Laurentian, possibly the peculiar rocks classed as the "Upper 
Laurentian," and certain of the more schistose and gem;rully shirker 
coloured and more basic rocks classed as lluronian, it is fur too imperfect 
to admit of the separation of these subdivisions on tho map. It is evi- 
dent that the Huronian is represented in parts of the west coast of Green- 
land, and it is probably also recognizable on tho Labrador coast, and on 
the west coast of Hudson Bay, and possible that it is elsewhere present 
over the Archaean area, in proportions as great as it has been found to hold 
where these rocks have been subjected to more systematic and detailed 
investigation. The distribution of the Huronian is important from an 
economic point of view, on account of its generally metalliferous character, 
which may eventually give value to tracts of country in which the rigor- 
ous nature of the climate entirely precludes the possibility of agriculture. 

While the term Cambrian may bo interpreted in the widest sense, 
namely, as including all rocks above the Huronian, to the base of the 
Cambro Silurian of the Canadian Geological Survey, and the reference of 
the rocks of the region here treated of to the Cambrian is based entirely 
on lithological and stratigraphical grounds, the rocks so classed are, as far 
as known, probably referable to the Lower Cambrian. It is further quite 
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evident that in the cxtensivo area whicli has been coloured on the map 
Cambrian on the Arctic coast, in the vicinity of the Copperniliie Riv^- ^ ,' 
the rocks are analogoua iu character to those of the Kewenaw or Animik^**^^ 
of tlie Lake Superior region, and probably represent both groups of th-*--*^ 
great copper-bearing aeriea. The mere occurrence of native copper - \ 

consiJerable quantities on the Coppermine, in association with prehni; -* -*!'" 
and other minerala resembling those which accompany it on Lake Superio *^^-*'''^' 
gives a ]irimafane probability to this correlation, which is borne out bc:*^ "^ 
B. more careful stuiiy of Sir. J. Richardson's accurate notes, and ■vn^"'^^^ 
recognised by Richardson himself, who had examined both regions. Prot <:>'^°'- 
E, D. Irving states that the Animikie of Hunt, or " Lower Group " o*:^ "' 
Logan, on Lake Superior, is composed of a great thickness of quart/.ites^ ^**' 
quartz-slates, argillaceous or clay-slates, magnetic quartzitea and sand -fc^* ''" 
stones, thin limestone beds, and beds of a cherty or jaspery materiaL^-*^ 
associated with coai'se gahbro and fine grained diabase (Copper-Bearin^^>' '^ 
Rocks of Lake Superior, 1883, p. 379,) while the overlying Kewenaw*^''^''' 
series is made up of similar basic crystalline rocks, with interbedded .^-^^^ 
detrital rocks, cliiefiy reddish conglomerates and sandstones, the con- -"""^ 
glomeratea consisting, for the most part, of pebbles of acidic crystalline 
rocks. A comparison of the above description with that of Richardson of \ 
the rocks of the Coppermine, shows the practical lithological identity of I 
the two widely separated areas. 

Though not a geologist. Captain ISack, who had seen the Copperraint 
rocks, referred the formation coloured as Cambrian on Great Slave Lake, j 
to the same series, from its lithological similarity ; to which also the \ 
doubtfully placed area of Cambrian on Back's route from Great Slave 1 
Lake to the mouth of Great Fish River is attributed. To this forma- 1 
tion also may be referred the groat volcanic series, described by Dr. E, \ 
Bell as tile Manitounuck group, of the east coast of Hudson Ba}', anil]l 
the red sandstones of his " Intermediate group," which he regai-ds aa I 
unconformably underlying the Manitounuck rocks, may possibly also bo-J 
long to the ICeewenaw or Animikie. 

Throughout the whole of the vast northern part of the continent, th^ I 
characteristic Cambrian formation, composed largely of volcanic rook^.J 
apparently occupies the same unconformable position with regard to the! 
underlying Laurentian and Huronian systems. Its present reinnantofl 
serve to indicate the position of some of the earliest geological basinSiT 
which, from the attitude of the rocks, appear to have undergone eoni*1 
paratively little subsequent disturbance. Its extent entitles it to be recog-a 
nizeda a one of the most important geological features of Morth & 
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The Silurian and Cambro-Silurian (Upper and Lower Silurian) rocks 
r are chieily pale limestones, often of a yellowish or cream colour and 
frequently more or less dolomitic. They rest everywhere unconformably 
I on the ArchEBan or on the Cambrian rocks, and one of their most constant 
' features appears to be the esistence of a. zone of red saudstones oi arena- 
ceous limestones and conglomerates at the base, a fact which leads us to 
suspect that the red sandstoites of Tuunudleorbick and Igalliko in 
Greenland, which have been doubtfully referred on lithological grounds 
to the Permian, Devonian and Cambrian, may belong in reality to the 
Silurian. 

This great Silurian aud Cambro-Silurian limestone series is very widely 
developed, and is, in most places, nearly horizontal and undisturbed, 
with long light uudulations in the bedding or persistent and uniform dips 
at very low angles. These features are very prominently shown in the 
sketches of many parts of the const line in the Arctic islands, reproduced 
in the volumes of voyagers. But for the undisturbed and flat condition 
of the limestones, and the formations overlying them in the Arctic basin, 
it would be impossible, with the fragmentary geological information 
available, to ofler any proximately correct geological map of the region 

In a paper printed in the report of the British Association for 1855, 
J. W. Salter states that the Silurian fossils, obtained up to that time, 
showed a uniform horizon of Upper Silurian limestone, stretching from 
near the entrance of Barrow Strait to Melville Island and far to the 
south along Prince Regent Inlet, and ai^ues therefrom a wide extent of 
circumpolar land in Lower Silurian (Cambro-Silurian) times. In this he 
was followed, two years later, by Sir E. Murchisou, who writes: — -"I 
am led to believe that the oldest fossiliferous rock of the Arctic regions 
is the Upper Silurian." (Appendix to McClure's voyage, p. 402 ; Siluria, 
p. 440.) Iliough the Upper Silurian beds undoubtedly occupy a great 
part of the American polar region, characterizing the "south of North 
Devon and nearly all the islands south of Melville and Lancaster sounds, 
including the south of Banks Land, Prince of Wales Land, King William 
Land, North Somerset, Boothia Felis, etc." (Fielden and De Eance, 
Quart. Journ. Geol. Soc. voL xxxiv.), the occurrence of Lower Silurian 
{Utioa) fossils in Frobisher Bay, as shown by Hall's collections, on the 
shoresof Kennedy Channel, as determined by Etheridge, and the occasional 
discovery of Lower Silurian forms in tlie regions above, referred in a gen- 
eral way to the Upper Silurian, prove that the generalization made by 
Salter and Murchison, on the evidence of less complete collections, can- 
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not now be odmitteJ, and that the Jiiiiestones of the Arctic represent pro- 
bably tho whole of the Si liiio- Cambrian and Silurian, and possibly part 
of tbeUevoniau. (See Fieldea and De Kance, loe. cil.) Heer enumer- 
ates the following places, besides those above particularly referred to, as 
yielding Lower Silurian types : — North Devon, Cornwallis Island, GriEBtb 
Island, west ooaat of King William Land, Boothia (Flora Tossilis AroUoa 
vol. i., p. 24.) 

The above allusion to the possibly Devonian age of part of the lime- 
atones of the Arctic basin proper, is of interest in connection with the 
question of tlie relation of these limestones to the equally important lime- 
stone aeries of the Mackenzie River R Th ly reference of an 
esteusive portion of these latter to th Sil by labister and others, 
can scarcely now be maintained, since M k a th ult of his examina- 
tion of the most ample collection of f 1 wh h h ever been brought 
togetbov from tho Mackenzie valley, p t th tence in the lime- 
stones of Devonian forms alone, thoi h aa h ca t uely remarks, he is 
not prepared to deny the existence of ^3 1 k . This Devonian 
fades is maintained by the limestones f tb M k e valley to the very 
shores of the Arctic Sea, as shown by the occurrence of Hamilton group 
fossils on the Anderson River. 

Rocks of the Lower Carboniferona or ao-culled " TJraa Stage " are 
widely distributed in the Arctic Archipelago, and their character, as de- 
scribed by Prof. Haughton from an examination of the specimens brought 
back by voyagers is similar to that of these rocks in Spitzbergen, as de- 
scribed by Heer, and to the Horton series of Nova Scotia. This formation, 
which both from its extent, and in its character as a coal-bearing series is 
a very important one, should apparently be regarded throughout as I^wer 
Carboniferous and etiuivalent to the Tweedian of the north of England 
and of Scotland, and to the Culm of Hermany. 

It may be noted that we are as yet witliout the data for any accurate 
estimate of the entire thickness of these or the previously mentioned 
rock-series of the Arctic basin. 

Certain small outlying areas in the northern part of the Arctic Archi- 
pelago have been referred to the Liaa. These it appeared possible niiglit 
now be assigned to the "Alpine Trias," a formation which since the above 
reference waa made has been found to be wide-spread and important in 
the Cordillera region of North America as far north as the nortliern part 
of British Columbia, and is also characteristically developed in Spitzbergen 
and the north-west of Siberia. This question was referred to Prof. £ 
Haughton, who had originally described the fossils on which the 
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the beds in question had been determined. The leeult of a critical 
re^xiimiiiation of the fossils, which Prof. Hnughton was so kind as to 
have made, appears, however, rather to confirm the original Liassic or 
Jurassic reference of these northern rocks. 

The Tertiary rocks of the Mackenzie River and of Greenland, so remark- 
able for their rich flora of temperate aspect, have usually been referred to 
the jrioceiie, but it now seems certain that the greater part are reaUy of 
Laramie or Eocene age. This seems evident from their fossil flora as 
described by Heer and others. 

2. Mackenzie Rivei- DistrictandAretie Coast. — According to Richardson 
and other observers, the valley of the Mackenzie River from Arthabasca 
Lake to the Arctic Sea is occupied principally by Palieozoic rocks of 
Silurian and Devonian age with probn-bly a narrow belt of Cambrian in 
the hills west of the mouth of the river. The remainder of the river 
Talley, more especially in its southern part and toward the Peace River^ 
is occupied with Cretaceous and Laramie lieds, tlie latter affording in 
some places abundance ot characteristic plants which have been described 
by Heer. 

On the coast, west of Mackenzie River, the Cretaceous and Laraniie beds 
extend as far as Cape Parry. From this place to Coronation Gulf, at the. 
mouth of the Coppermine River, quartaite, slate and limestone, supposed 
to be of Cambrian age, predominate. In the islands to the north and 
east are great breadths of Siluro- Cambrian and Silurian limestones, and 
the peninsula of Boothia consists of an axis of Laurentian with Siluro- 
Cambrian and Silurian rocks which also line the great Laurentian mass 
between the Gulf of Boothia and Baffin's Bay. 

3. Htidgon Bay. — The basin of Hudson Bay, as described by Rae and 
Bell, is surrounded by Laurentian rooks bordered by Huroniau and Palteo-. 
zoic rocks, including fossiliferous Silurian limestones. On the west side 
these rocks extend northward to Cape Esquimaux and occur also on the 
south side of Hudson Bay, the wide tract of Laurentian rocks which, 
extends to tlie Labrador coast, forming the shore of the bay, except 
toward the south, where rocks of Cambrian age are reported. They con- 
sist of limestones, sandstones and quartzites, shales and ironstones, associ- 
ated with basalts and amygdaloids. At the south end of James' Bay are 
Devonian rocks from which Dr. Bell has obtained numerous species of 
fossils determined by Mr. Whiteaves.* At the south end of Hudson's 
Bay are also Pleistocene beds with lignite and marine fossils, Saxicava 
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ragosa, Macoma calearea, Mya truncata. Bines of Mastodon havn also 
been found. 

4. The Arctic Archipelago and coast of Greenland. — In tli« oppeadix 
to McClintock'a Voyage, Prof. Haughton has described this region, and 
arranges tbe formations represented as follows ; — 

1. Granitic and Granitoid rucks, probably in great part Laurcntian 
gneiss, &c. 

2. Silurian, consisting of Red Sandstone overlaid by fossiliferous lime- 
Btoaes. 

3. Carboniferous rocks, including limestone beds (Horton Series) witb 
plants and marine limestones. 

4. Lias or Mesozoio rooks holding Ammi/nites, Mimotis, &c.., and a 
Saurian, Arclosaunia Oshorni. 

5. Cretaceous and Tertiary, apparently of the same age with those on 
the coast of Greenland, and holding fossil plants. 

6. Superficial deposits, which seem to be for the most part sands and 
clays with marine fossils. 

The Carboniferous beds of the Arctic islands are thus described by 
Haughton -.—'^ The Upper Silurian limestones, already described, are suc- 
ceeded by a most remarkable series of close-grained white sandstones, con- 
taining numerous beds of highly bituminous coal, and but few marine 
fossils. In fact, the only fossil shell found in these beds, so far as I 
Itnow, in any part of the Arctic Archipelago, is a species of ribbed Alnjpa, 
which I believe to be identical with the Atrt/pa fallax oi the Carbonifer- 
ous slate of Ireland. These sandstone beds are succeeded by a series of 
blue limestone beds, containing an abundance of the marine sheila, com- 
monly found in all parts of the world where the Carboniferous deposits 
are at all developed. The line of junction of these deposits with the 
Silurian on which they rest is N.E. to E.N.E. (true.) Like the former, 
they occur in low, flat beds, sometimes rising into cliffe, but never reach- 
ing the elevation attained by the Silurian rocks in Lancaster Sound. 

" Goal, sandstone, clay-ironstone and brown haematite were found along 
a line stretching E. N. E. from Baring Island, through the south of 
Melville Island, Byam-Martin Island, and the whole of Bathurst Island. 
Carboniferous limestone, with characteristic fossils, was found along the 
north coast of Bathurst Island, and at Hillock Point, Melville Island." 

From a comparison of different coal exposures noted by McClintock, 
McChire, Austen, Belcher and Parry, in the Parry Islands, Prot 
Haughton has laid down the approximate outcrops of some of the coal 
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beds. These he finils to ngree remarkably well with the trnnd of the 
bouudary of the formation drawn from totally different data. In connec- 
tion with this place it ia noted that the Carboniferous sandstones under- 
lie the limeetones, and that " it is higlily probable that the coal beds of 
Melville Island are very low down in the sertea, and do not correspond in 
geological position t?ith the coal beds of Europe." 

The following account of the Cretaceous and Tertiary of Greenland is 
condensed from Heer : — 

I. Cretackods. 

1. Tba SonU series, of bluk ehalea reating on the Laurentiun gneisa. TheM beds 
are fnimd ut varioiu other looalilies, but the name above given is that by whiab they 
are geaerally known. Their flora ia limited to feme, cycode, conifcre, and a few endo- 
gens, with only Popalui priMirva to repreaent the dicntyleduas. These bed^ are 
regarded as Lower Cretoceoua (Urgnnian,) baC the animal foesiU would eeem ta give 
tbem a rather higher piwitjon. They may ba regarded as equEvalent to the Kootanie 
and Queen Charlotte beds in Canada, aoJ the Potumac i«riea in Virginia. 

2. The Atani seriea. These also are block ahalea with dark-cul oared sandstones. 
They are t>eat exposed at XJiiemavik and Waigat Here dicotyledonoua leaves abound, 
amounting to ninety apociea, or tutire tlian half the whole number of speoiea found. 
The foaail plants resemble those of the Dakuta seriea of the United States and the 
Dunvegan aeries of Canada, and the animal foaails indicate the horizon of the Fort 
Pierre or its lower part. They luny be regarded as representing the liiwer part of the 
Upper Cretaceous. The genera Popalia, Mi/rica, Caercui, Ficaa, Platanai, Saitafrai, 
Zouriii, Magnolia, and LiruHimdi-on ore among those represented iu these beds, and 
the peculiar genera Siaedintockia and Crtdncria are characteristic. The genua Piaua 
ia represented by Gve species. Sequoia by five, and SaliiAuria by two, with three of the 
allied genua Baiera. There are many ferns and cycads. 

3. The Patoot aeriea. These are yellow and red shales, which seem to owe their 
colour to the Bpontaneoua couibuatiun of pyritoua lignite, in the uia.nner observed on 
the South Saakntchewan and tiie Mackenzie rivers. Their age is probably about that 
□f Che Fox-Hill groap or Senonian, and the Upper Oretaaeous of Vancouver laland, 
and they aCFord a large proportion of dicotyledonous leaves. The genera of dicoty- 
ledons are not diaaimilar from thoaa of Ataae, but we now recognise Sejufd and Jfnur, 
Cemiitoiiia, Planera, SapntacUa. Fraxinat, Vibarnam, Coram, Aar, CiUutru), 
PiUiarui, Ceanothui, Ziigphjit, and Cratagua as new genera of modern aspect. 

On the whole there have been found in all these beds 335 species, belonging to 60 
tamiliea, o{ which 36 nro dicotyledonous, and represent all the leading types of arbor- 
escent diootyledons of the temperate latitudes. The flora ia a warm temperate one, 
with some remarkable mixtures iif anb-tropioal forma, among whioli jwrhaps the moat 
reraarttahle are Kaidocarp-am referred to the Paadaneie, and auch exngeua as Fkus and 

n. TssriAHY. 

4. The Unartok aeriea. This is believed to bo Eocene. It consiata of saudatone, 
which atipears on the shores of Disco Island, and posaibly at some other placca on the 
cnaat. The beds reat directly and apparently oonformably on the Upper Cretaceous, 
and baveafforded onlyelsven species of planta. Magnolia ia represented by two species. 
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Laiirut bf two. Plalanat by two, and ane of theae said tu be identic^ with a, aitaiea 
found by Lesquareux in the Laramie,* Vibaraum, Jagtai\e, Qutrcut, each by one 
Bpeciea ; the ubiquitoua SequoiBs by S. J,angtdur£l, This is pretty clearly a Lower 
Laramie Dora. 

5. The Atanettrilluk aeries, oonBiRting of ehaly bods, with limestone btercalated 
between great sheets of basalt, much like the Eocene of Antrim and the Hebrides. 
These beds have yielded 187 speoiaa, principally in bands and concretions of Kiderite, 
and often in a Kood statu of preservation. They are referred to tbe Lower Miocene, 
but, as explained in the text, the flora is more nearly akin to that of the Eocene of 
Euroiwaud the Laramie of Aoierica, The animal foaaila areohiefly freah-watarshells. 
Oandta UHiibilii, Beveral conifers, as Taxitts Olriki, Taiodiura diitic/iara. GlypUmrobat 
Sampaai, and Sequoia Langsdirffi, and 42 of the dicotyledons are recognized as found 
also in American localities. Of these, a large proportion of the more common spiicien 
occur in the Upper Laramie of tbe Mackenzie River and elsewhere in north-west 
Canada, and in the western United States. It is quite likely nlao thateeveral species 
regarded ai distinct may prove to be identical. 

It would seem that throughout tho whole thickness of these tertiary beds the Sora 
is similar, so that it is probable it belonRB altogether to the Eocpne rather than to the 
Miocene. 

No indication has been observed of any period of cold intervening between the 
Lower Crelaoeoua and the top of the Tertiary deposits, so that, in all the vast period 
which these formations represent, the climate of Greenland would seem to have been 
temperate. There ia, however, as is the case farther south, evidence of a gradual 
diiDiuntion of temperature. In the Lower Cretaceous the probable mean annual tem- 
perature in latitude 71° north is ntated as SI' to 22' centigrade, while in the early 
Tertiary it ia estimated at 1S° centigrade. Such temperaturesi, ranging from 71' to 53° 
of Fahrenheit, represent a marvelloualy warm climate tor so high a latitude. In point 
of fact, however, the evidence of warm climates in the arctic regions, in the Pal»oiioic 
as well as in the Meaozoic and early Tertiary, should perhapa lead us to conclude that, 
relatively to the whole of geological time, the preaentarctio climate is unusually aevere, 
and that a temperate climata in the arctic regions has throughout geological time been 
the rale rather than the exception. 

It is interesting to note that tlie driftage of erratics in the Arctic basin 
seema to havB been northward. The following extract refers to this. | — 

"Along the Arctic coast, and among the islands nf the archipelago, 
there is a conaidernble volume of evidence to show that the main direc- 
tion of movement of erratics was northward. Thus, boulders of granite, 
supposed by Prof. Haughton to be derived from North Someraetj are 
found 100 miles to the north-eastward, (Appendix to McClintook'B 
Voyage, p. 37i,) and pebbles of granite, identical with that of Granite 
Point, also in North Somerset, occur 135 knots to the north-west. (Op. 
cit. p. 376,) The east side of King William Land is also said to be 
strewn with boulders like the gneiss of Montreal Island to the soiithward. 
Prof. Haughton shows the direction and distance of travel of some of 
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these fragments by arrows on his geological map of the Arctic archipelago, 
and reverts to the same subject on pages 393 and 394, pointing out the 
general northward movement of ice indicated, and referring the carriage 
of the boulders to floating ioe of the glacial period. 

" Near Princess-Royal Island, in Prince-of- Wales Strait, and also on 
the coast of Prince-of- Wales Island, the copper said to be picked up in 
large masses by the Eskimo, (De Ranee, Nature, Vol. xi. p. 492,) may be 
supposed to be derived from the Cambrian rocks of the Coppermine river 
region to the south, as it is not probable that it occurs in place anywhere 
in the region of horizontal limestone where it is found. 

" Dr. Armstrong, previously quoted, notes the occurrence of granitic 
and other crystalline rocks, not only on the south shore of Baring Land, 
but also on the hills inland. These, from what is now known of the 
region, can scarcely be supposed to have come from elsewhere than the 
continental land to the southward. 

"In an account of the scientific results of the * Polaris * expedition, 
(Nature, vol. ix,) it is stated of the west coast of Smith's Sound, north of 
the Humboldt glacier, that * wherever the locality was favorable,' the land 
is covered by drift, sometimes containing very characteristic lithological 
specimens, the identification of which with rocks of South Greenland, 
was a very easily accomplished task. For instance, garnets of unusually 
large size were found in lat. SV 30', having marked mineral ogical charac- 
ters by which the identity with some garnets from Tiskernaces was 
established. Drawing a conclusion from such observations, it became 
evident that the main line of the drift, indicating the direction of its 
motion, runs from south to north. It should be stated, however, that 
Dr. Bessels, who accompanied the * Polaris ' expedition, regards these 
erratics as certainly not transported by glaciers, but by floating ice, and 
as showing that the current of Davis Strait was formerly to the north 
and not to the south, as at present. (Bull. Soc. Geog., Paris, vol. ix., 
1885, p. 297.) 

"It may further be mentioned as bearing on the general question here 
refe-rred to, that Dr. Bell has found evidence of a northward or north- 
eastward movement of glacier-ice in the northern part of Hudson Bay, 
(Annual Report Geol. Survey of Canada, 1875, p. 14, D.D,) with distinct 
indications of eastward glaciation throughout Hudson Strait. (Report 
of Progress, Geol. Survey of Canada, 1882-84, p. 36, D.D.) 

The facts so far developed in this northern part of the continent and in 
the Arciic islands, thus point to a movement of ice outward in all directions 
from the great Laurentian axis or plateau, which extends from Labrador 
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rouud the southern extremity of Hadson's Bay to the Arctic Sea, rather 
than to any general flow of ice from tha vicinity of the get^raphical pole 
southward. ^h 



.VI. THE TERRANOVAN OR NEWFOUNDLAND REGIOIT^ 

A lai^e part of the Island of Newfoundland is occupied with Lauren- 
tian rocks. The western booundary of these extends south- west 
throughout the length of the island, from near Hare Bay at the northern 
extremity of the island to Cape Ray at its south-west end. The eastern 
houndary of the Laurentian forms the west coast of Wliite Bay, and 
south-east of this is broken by belts of newer strata, beyond which it 
forms a sinuous line from Capo Freels on the east coast, to Fortune 
Bay. The extreme breadth of this Laurentian district is therefore about 
150 miles, end the general strike of its beds seems to be N. E. and S.W. 
Its contiauity is, however, interrupted by two areas of Palieozoic rocka 
resting on it One of these is a great tract of Cambrian and Siluro- 
Carabriau rocks presenting a broad front to the Atlantic at Notre Dame 
Bay, and forking into three branches before reaching the south coast. 
It includes great breadths of serpentine, associated with chloritic slates, 
diorites, etc., and also a long trough of Silurian rocks. 

The second and naiTOwer break is that stretching to the eonth-we«t 
from White Bay, along the Hviraber River to St. George's Bay, where 
it is united with the Palfeozoic of the west coast. It contains Siluro- 
Cauibrian, Silurian and Carboniferous rocks. 

To the westward of the Laurentian nucleus, the Gulf of St. Lawrence 
coast is skirted with formations reacliing in age from the Potsdam to the 
Carboniferous, and which, in their northern part, seem to be faulted 
against the Laurentian. 

To the eastwaid of the Laurentian nucleus the south-eastern portion 
of the Island, including the peninsula of Avalon, is occupied, with the 
exception of two considerable patches of Laurentian, by rocks referred 
by Murray to the Huronian and Lower and Middle Cambrian, 

These eastern rocks partake of the marginal and Atlantic character of 
those of Nova Scotia and New Brunswick, of which the eastern part of 
Newfoundland may be regarded as a north-eastern continuation. The 
Palieozoic formations on the west coast, on the other hand, constitute 
the eastern margin of the great undisturbed area of the Gulf of 8t 
Lawrence. 

The Huronian rocks of Newfoundland consist of qiiartzites, diorite^._ 




TERRANOVAN REGION. 233 

slates anil slate conglomerates, resembling those of the typical region 
in Georgian Bay. Their upper beds have, however, afforded the doubt- 
ful fossils known as Agpidella and Arenicolites apiraltn. 

Above these are red and green sandstones and conglomeratea known 
as the Signal Hill series. They correspond in mineral cliaracter and 
geological relations to the Kewenian of the west, and the Basal Cambrian 
of Matthew, in New Brunswick. 

Next in succession are the Cambrian beds, consisting largely of shales, 
sometimes slaty, and sandstones, with some limestone. They appear to 
include the lower members of the Cambrian system as developed on tha 
Atlantic coast. In a recent paper,* Walcott gives the section seen on 
Manuel's Brook, Conception Bay, as follows : 

a. ArchKttn GneiaBes. fevt. 

2. SnudBtone, shale and impure limettnne, with Olenelliu Bmggtri 

siitoeD Bpaoiea uf tha OleniilluB fauna 25 

3. Greenish argiUoceouii Bhale 10 

4. Rmi do. du 4 

5. LimastDiie 2 

6. Greaniah aigillaoeoui! shales with an abundant PiinniuzUu [anna 

fttamnmit 270 

T. Dark nrgillaceuus shatea, Paraitoxidei, MierodUeia pundalua, 

Auranlai, Conoa>r)lphi, etc., ete., near baie 396 

8. Altomating biiDda uf ahalo and Bandiitone, with OiiA.it in groat 



Total, 1071 

Dip o£ Strata, 12° tn 15° N. All atrata unaltered and undiaturbed. 

This section includes the Lower and Middle Cambrian, and, according 
to Walcott, proves that the Otinelliie zone is below that of ParatfoHiUs. 

The Upper Cambrian or Olenna and DOcelhcepJiahis zone does not 
seem to be recognized in southern Newfoundland, but occurs on the 
strait of Belle Isle on the north, where it is continuous with the west 
coast rocks of the interior type. 

Rocks equivalent to the Quebec group of Sir W. E. Logan, occupy a 
considerable area in northern and western Newfoundland, and consist 
of shales, sandstone and conglomerate, with beds of limestone, contain- 
ing fossils characteristic of the Calciferous and Chazy horizons. Like 
those on the Lower St. Lawrence, they are often thrown into sharp 
folds. As on the east side of the island, la^e areas of serpentine, ac- 
companied with altered slates, are associated with these rocks. The 
valuable copper deposits of Tilt Cove Section are associated with these 

* NatQte, Oct. 1888. 
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serpentines. In the narrow peninsula of Long Point, at tlie w 
Port4-Port Bay, tliere are limestones which, contain fossils referable to 
the Tventon period, and which may indicate the outer margin of an ex- 
tensive area of snch limestones under the waters of the Gulf of St. 
Lawrence, and resembling this formation as it occurs in the interior 
plateau of North America and in the valley of the river St. Lawrence. 

The Silurian beds are represented chiefly in the troughs running south- 
west from White Bay and the Bay of Exploits. They consist of con- 
glomerates below, overlaid by shales of various qualities, and beds of 
sandstone, but with only a meagre development of limestone, in this 
resembling the Silurian of Nova Scotia. In the Bay of Exploits region, 
they are traversed by trap dykes and in places overlaid by volcanic 
breccia. 

The fossils noted are Favositss Gothlandiea, Heltolitee, Zaphrentit 
hellistriaia, Sli-op/iomena rht/mhoidalw, Atrypa reticularis, SlricHan- 
dinia lens, etc. 

On the north side of White Bay, and at its upper extremity, are small 
areas of sandstones and conglomerates, in which fossil plants have been 
found. These appear to be of liriaa or Devonian age and the beds 
themselves resemble the Gaspe sandstones. They occupy, however, only 
very small areas so far as known. 

The newest formation in Newfoundland, except the Pleistocene, ia the 
Carboniferous, wliich is limited to the trough extending from St, George's 
Bay on the west coast to White Bay on the east. It consists of two de- 
tached areas, the larger fronting on St. George's Bay, and the other on 
the head waters of the Humber Hiver, not far from the head of White 
Bay. In. both areas beds occur representing the Lower Carboniferous 
limestone, the Millstone Grit and the coal formation, or the lower part 
of it. As in Nova Scotia, beds of gypsum occur in connection with the 
limestone on St. George's Bay. 

Murray gives the following general section of the formation as devfl t-J 
oped on St, Geoige's Bay, in descending order : 

Green and red aandatonas witli hrown, drah and black ahalee and 

clsya ; coal and fossil plants 1000 

Brown and reddish sandBtDnes and conglriruerates and shales ; 

fosail plants and thin layers of co»l 2000 

Yariwated marls and red, green und brown sandstones, witL beds 

of binish and gray limestone, rich in marina fossils 2000 

Eeds of gypaum with marU, eandatones and shales, and dark- 
color^ limestuDes nod shales 160 

Coarse conBlomerate with boulders and pebbles of Laurentian and 

Silurian rocks, lenticular beds of sandstone and shale 1 300 
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The upper member of the above corresponds to the lower part of the 
productive coal formation in Nova Scotia. In Newfoundland the most 
important bed of coal yet found in it is four feet thick. The second 
member is the equivalent of the millstone grit, the third and fourth of 
the Windsor series of Nova Scotia, and the last of the Horton series, in 
that form which it assumes on the south side of the Cobequids in Nova 
Scotia and in the Bonaventure series in Quebec and New Brunswick. 

In specimens collected by Dr, R. Bell, at St. George's Bay, I have recognized the 
following species, most of them found also in Nova Scotia : — Serpulitea annulatus, 
Dawson ; Conularia planicostata, Dawson ; Aviculopecten DebertianuSf Dawson ; Bake- 
vellia antiqua^ Mont; Pteronites Gayensis (var. omcUuSf) Dawson; Cypricardiay sp. 
Terebratula sacculusj Martin ; Spirifera glabra^ Martin ; Productas semireticulatus, 
Martin ; P. Cora^ D'Orbigny ; Streptorhynckus crenistriay Phillips. There is also a 
new Serpulites, (S. Murraiif Dawson,) and a beautiful little Gastropod, which I have 
named Macrocheilus Terranovicus. 

In a small collection of fossil plants forwarded by Mr. Murray there are two 
species of Lepidodendron, one of them apparently new, ferns of the genus Sphenopteris 
and fossil wood of the genus Dadoxylon. 

The Pleistocene deposits are represented in Newfoundland by boulder 
clay and by clays holding marine shells of recent species, and surrounded 
by sand and gravel, as in most other parts of eastern America. So far as 
known the direction of drift has on the low grounds been from the north- 
east, and there seems also evidence of local drift and striation from the 
central highlands down the valleys toward the coast. These directions 
mark different stages of the great Pleistocene submergence, in which 
Newfoundland seems to have shared like other parts of eastern America. 
In Newfoundland, according to Richardson and Hinde, there is evidence 
of submergence to the amount of 1200 feet, and hills at the height of 
2500 feet show evidence of ice-action.* 

The economic resources of Newfoundland, as described by Murray and 
Howley, include copper ores (Tilt Cove, etc.), galena (Port-4-Port,) iron 
ores, pyrites and ochres, gypsum and coal. Gold occurs in quartz veins 
near Brigus in Conception Bay, in rocks regarded as Huronian. For 
more full accounts of the economic minerals of the island, reference may 
be had to the Reports of Messrs. Murray and Howley, of the Geological 
Survey of Newfoundland. 

* For the details see the author's Notes on the Post-Pliocene, 1872. 




PRINCIPAL UINBRAL COKSTITUBNTB OF ROCKS. 

The followiDg descriptions are intended to afford the student con- 
venient means of reference to the characters of the more important 
minerals referred to in the chapter on Litiiology. 

1. Quartz. 
As familiar examples, Flint and Kock Crystal may he taken. The 
former occurring in concretions in. chalk and other calcareous rocks, was 
prohably one of the first mineral substances used by man ; being the 
material of the flint implements of the "stone age." As quartz is the 
most common of minerals, and occurs in most silicioua rocks, it may 
serve as a typical mineral whereby to illustrate the term^ used in other 



Gonipoeition. — Quartz when pure is silica, a compound of the ele- 
ments silicon and oxygen. The former is an element not unlike ca,rbon 
or charcoal in many of its properties ; the latter a gas and the moat im- 
portant ingredient of the atmosphere. Silica is thus an oxide of silicon, 
and containing two combining proportions of Oxygen to one of Silicon, 
its chemical name is I co d xid 

Crjidallization. — Its ual f m a six-sided ptisra, terminated by » 
six-sided pyramid. It th 11 ng to the Hexagonal system of crystal- 
lization. When min al hstan solidify from the state of vaponr, 
from solution in wat f m tate of fusion, their particles tend to 

arrange themselves along certain lines or axes, and thus to produce 
crystals of definite geometrical forms. The law in the case of quartz is, 
that its particles arrange themselves along three horizontal axis, or lines 
of attraction, at angles of sixty degrees with each other, and along a 
fourth axis at right angles to the other three. The six-sided plates and 
Btx-rayed stars of snow are formed on the same principles. 



k 




MINERALOGY. 25/ 

Perfect crystals of quartz are found lining gmdea or cavities in rocks, 
also the sides of fissures and veins, and sometimes imbedded in the sub- 
stance of rocks. Small crystals confusedly a^regated and imperfect, 
owing to pressure, give ijrattular varistiea. Crystals so small that they 
cannot be discerned by the naked eye give eryptocrystalline varieties. 

Its Hardnesi is 7, measured by a scale in which talc is 1 and diamond 
10. The bardness of quarts is sufficient to enable it to scratch glass, to 
resist the action of steel, and to feel gritty in the teeth. 

Its Specific Gravity is 2.5 to 2.8, measured by a scale in which water 
is the imit. It is thus two and a half times heavier than water. Quart! 
being one of the most common minerals, and entering very largely into 
the composition of rocks, in which also it is associated with many other 
substances not very different in specific gravity, it follows that its specific 
gravity is about that of most ordinary rocks, all of which are thus sufficiently 
heavy to sink readily in water, but when immersed in water lose between 
one half and one third of their weight. 

Optical Characters. — Quartz is sometimes colourless, hut becomes 
coloured by mixture with other substances, especially oxides of iron. 
The proto.tide (ferrous oxide) gives dull green and blackish colours — 
the peroxide {ferric oxide) red colours, and the hydrous peroxide 
yellow and brown colours. The lustre of quart* is, with reference to its 
kind, vilreom or that of broken glass ; with reference to its degree, it 
varies from splendent, the lustre of perfect crystalline faces, to dull or 
lustreless. The vitreous lustre is a good character whereby to distinguish 
the mineral. The pure and crystalline varieties are transparent; the 
cryp to-crystalline and coarse varieties translucent to opaque. 

Quartz is brittle, and its fracture conchoidal in the pure varieties. It 
is infusible and insoluble in water and ordinary acids; but may be fused 
or dissolved in water, when combined with alkalis, as potash or soda. 

VAmKTiBS OF Quartz. 
Quartz presents many varieties, which may be arranged under the heads 
of (a) Crystalline or vitreous, (6) Chalceilonio and (s) Jaspery. 
(a.) Vitreous Varieties. 
Rock CrysinZ.— Transparent and colourless, often in the definite crys- 
talline form. Used for lenses, for ornamental purposes and to form imita- 
tion gems or doublets. 

Amethyst. — Purple and violet varieties, coloured by a miuute 
of Manganese, or perhaps in some cases by iron and sod; 
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Rose Quartz. — A more delicatoly tinteil pink variety. 

Yellow and Smoky Qworte.-— Called Cairngorm or false Topaz, of smoky 
or rich yellowish and brownish hues ; coloured by titanic acid, or by 
organic matter. 

Cat's Eye. — Transparent quartz, containing fibres of asbestos, which 
give it a lustre resembling that of satin. 

AocnturiTie is translucent quartz apangled with brilliant scales of yelloi 

The glassy varieties of quartz pass into common mill,!/ quart: 

(b.) Chalcedonic Varieties. 

Chalcedomj is the general name for colourless varieties having a 
gliatening and somewhat waxy lustre. 

Carnelian is a flesh coloured or red chalcedony coloured by iron. A 
deeper red variety is called sard. 

Agate is chalcedony with bands or spots of different textures and 
colours. "When these are iu parallel layers it is called onyx. Some of 
the layers being absorbent, colourless agates of this kind can be artificially 
colonred. When some of the layers are of carnelian or sard it is called 
sardonyx. These banded varieties are the nmterial of cameos. When 
translucent chalcedony is penetrated with moss-like or dendritic filaments 
of oxide of iron or manganese it is mo»A agate or Mocha stone. 

Cliryaoprase is a pale green variety coloured by oxide of nickeL 
Green varieties coloured merely by iron are common Prase. 

Flint and Chert are names for coarse chalcedonic varieties, usually- 
impure and of dull colours. A callular variety is Bukrstone, used for 
millstones. 

Agates are produced by the deposition of chalcedony in the cavities 
of rocks, usually those of volcanic or igneous origin. When this pro- 
cess is slow or intermittent, bands of various textures and colours aio 
formed in succession. Flint and Chert are formed by the alow collection 
of silicious particles around centres by concretionary action. Hence they 
often have fossil spouges, etc., in their interior. Wood imbedded in 
rocks is often fossilized by silica, or silicified, so as to resemble agate. 

(c) Jaspery Varieties. 

Jaejpe)- includes those varieties which are opaque and more or less 

deeply coloured, usually by oxide of iron. Red jasper is one of Ihh 
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moat common Tarietiea; a brown coloured or banded jasper is called 
Mgyptian jtuper ; green and red or green and yellow banded varietiea, 
are riband jagper ; a green variety with bright red spota is bloodstone 
or Miotrope. 

Quartz occnrs very largely in the earth's crust, as sand, sandstone and 
quartz'rock or quartzite, and also aa a constituent of many compound rocks. 

2. Felspar. 

There are several species o£ felspar ; but we may take as an example 
the most abundant and most important species, orlhocliwe or common 
felspar. 

In Ohemiad Composition it is a silicate of alumina and potash. It 
is not acted on by acidaand is fusible with difficulty. 

Its Cnjdallirte form is monocUnic ; its particles being arranged in ac- 
cordancH with ttiree axes of crystallization — the two horizontal ones at 
right angles to each other, the third at an angle of 63' 53' to plane of 
the others. Its two principal cleavages are at right angles, while the 
corresponding cleavages in the other felspars are never at right angles. 
These cleavage faces aid in distinguishing it from quartz. 

Ita Hardness is six, being thus next to quartz in the scale of hard- 
ness. Though scratched by quartz it is hard enough to scratch glass, 
but feehty. 

Its Specific Gravity is 2.5 to 2.6. 

Ita Lustre is vitreous, but with a tendency to pearly on cleavage sur- 
faces. Its more common colors are white, red and grey. 

Kaolin, or the finest China clay, proceeds from the decomposition of 
felspar ; the potash and part of the silica being dissolved hy rain water 
and leaving a hydrous silicate of alumina in a fine state of division. 

Of the other Felspars the most important are Albite, soda felspar, in 
which soda replaces the potash of the orthoclase, Anorthite, or lime 
felspar, and Ohgodase and Labradarite, in which both soda and lime 
are prctent 4Ibite sometimes presents a beautiful pearly opalescence 
upon its cleavage faces, and Labradorite is remarkable for the splendid 
play of colours ol}served in some specimens. Labradorite, Anorthite and 
Ohgoclase are basic, or have an e.tcess of base relatively to their silica. 
All beside Orthoclase are triclinic. 

The felspars are extremely important in geology as constituents 
the silicious cryetalline rocks, aa granite, syenite, gneiss, dolerite, 
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They enter very lui^ely into the conipoaitiou of the lavas of volcanoes ; 
those called Trachytic Lavas or Trac/iytes, consisting principally of felspar. 

3. Lkccitb. 

This mineral, like orthoclase, is a silicate ot alumina and potash ; the 
constituents, however, being in different proportion. Crystallization 
isometric, the crystals often being very perfect trapezoheiltona, with 
twenty-four similar faces. 

H.— 5.5 to 6. Gr.— 2.45 to 2.5. 

Colour, white to gray ; surface usually dull ; infusible. Decomposed 
by hydrochloric acid, without gelatin ization. Not known to occur in 
Canada, but an abundant constitaent of certain volcanic rocks in Italy 
and the United States. 

4. Nephbline. 
Nepheline is a mineral which sometimes takes the place of felspar in 
crystalline rocks. It is a silicate of alumina, soda and potasli, and crys- 
tallizes in hexagonal forms. The color is commonly wiiite or gray, and 
the lustre vitreous to greasy. 

H.— 6.5 to 6. Gr,— 2.5 to 2.6. 
Nepheline is decomposed by hydrochloric aclt!, with separation of 
gelatinous silica. It is a prominent constituent of nephcliuc-basalt, 
nepheliae-syenite, phonolite and other rocks. 

5. Mica. 

Of this also there are aeverat species: Common mica ai MiiscoviU^ 
the most important. 

It is a very complex silicate, containing silica, alumina, potash, iron, 
magnesia, lime and soda. 

Its crystals are inclined rhombic and six-sided prisms (monoclinic). 
The angles of the rhombic prisms are 120° and 60°. It is remarkable 
for its very perfect cleavage parallel to the base of the prism. In this 
direction it may be split into extremely thin laminas, which are flexible 
and elastic. When crystallized in small radiating plates it is called 
Plumose Mica. 

H.— 2.0 to 2.5. Gr.— 2.T5 to 3.1. 

Its lustre on the faces of the cleavage planes is metallic pearly, and ita 
colors range from silvery white to greenish, yellow and black. They are 
due to oxides of iron. 
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Along with quartz it forms mica-schist, and in a very fine state of 
division it is largely concerned in giving cleavage to roofing slate. It 
also gives a flaggy character to sandstone. It general, when scales of 
mica are arranged in parallel layers in rocks, they give to these more or 
less of their own fissile character. 

Biotite, a mica containing much magnesia and iron, and of a dark 
color, is next in importance to Muscovite. 

Phlogophite is a mica containing a large proportion of magnesia, and 
commonly less iron than Biotite. It is often of a curious brownish-red 
color. It is one of the most common minerals in the Apatite-bearing 
veins of Canada, as well as in some of the Laurentian limestones. 

6. Pyroxene. 

The name of this mineral, implying that it is a " stranger to fire," is a 
reminiscence of the old controversies as to the origin of rocks from water 
or heat, and is curiously contrary to the fact that Pyroxene is one of 
the largest constituents of volcanic rocks. 

Composition, — Silica, lime, magnesia and iron. Some of the varieties 
have much more iron than others. 

Crystalline f 07111, monoclinic or like that of orthoclase, but the angles 
different, the inclination of the principal axis being 73° 59', and the acute 
angle of the rhombic prism 87° 5', so that it is nearly square. It occurs 
also in granular and fibrous forms. Its cleavage is not perfect, but may 
be obtained parallel to the faces and bases of the prisms. 

H.--5 to 6. Gr.— -3.2 to 3.5. 

It is thus almost as hard as felspar, and somewhat heavier than that 
mineral or quartz, so that rocks containing much pyroxene are usually 
somewhat heavy. 

It ranges in colour from white, through different shades of grey and 
green to black, the chief colouring constituent being ferrous oxide. Its 
lustre is vitreous inclining to resinous, and in some varieties it becomes 
pearly. 

Vaneties. 

These are very numerous and have received different names. We shall 
notice only a few of some geological importance. 

Augite or common Pyroxene. This is of dark colour, usually black ; 
and is the form in w^hich the mineral most commonly occurs as an 
ingredient in rocks. 
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Sahlite and MalacoUte are light green and white varieties, also occur- 
ring BOmetiraes as considerable ingredients of rocks. 

Diallage is a variety with a very distinct cleavage, and strong metallic 
pearly lustre on the surfaces. 

7. Hornblende. 

This is a mineral closely allied to Pyrosene. Its ordinary v.irieties, 
however, contain more magnesia and less lime than the latter. 

Gr'jitallization monoclitiic, but its rhombic prism is much flatter than 
that of Pyroxene, its obtuse angle (corresponding in position to the acute 
angle in the case of Pyroxene) being 124° 30', and it has a distinct cleav- 
age parallel to the sides of the prism. It thus forms flat blade-like crys- 
tals, and those being often long and slender, it assumes fibrous forma. 

H.— 5 to 6. Gr.— 2.9 to 3.4. ^^ 

Its range of colour is similar to that of the lost species. ^^H 

VariHiee. ^^ 

Common Hornblende or Ampliibole includes the dark ami more massive 
varieties. 

Aciinolite is green, and columnar or fibrous, 

Tremolite is white or gray, and finely fibrous. 

Asbestos includes the finest fibrous varieties, which, from the slend't 
ness anil flexibility of the fibres, may be woven into fabrics which have 
become celebrated as incombustible cloths. 

Mountain Wood, Mountain Cork &ad Mountain Leather arefibrouaand 
lamellar varieties resembling the substances whose names they bear. 

8. Olitise. 
This is a silicate of magnesia and ferrous oxide, and crystallizes in the 
ortho-rhombic system. It is commonly met with in rounded grains im- 
bedded in crystalline rocks rather than as well defined crystals. 
H.— 6 to 7. Gr.— 3.3 to 3.6. 
Colour usually olive green, sometimes yellow, brownish, reddish. 
Lustre, vitreous. Decomposed by hydrochloric acid with separation of 
gelatinous silica. Olivine is frequently altered to serpentine. It is a 
constituent of many crystalline rocks, some of which are almost entii 
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composed of it. A rock of this kind (dunite) occurs at Mount Albert, in 
the province of Quebec. 

9. Garnet. 

This is a mineral which varies greatly in composition, and has accord- 
ingly been divided into a number of subspecies. It is a silicate of differ- 
ent sesquioxides and protoxides (sesquioxides of aluminum, iron or 
chromium, and protoxides of iron, calcium, magnesium or manganese.) 

The crystallization is isometric ; rhombic, dodecahedrons and trapezo- 
hedrons being the common forms. In many cases garnet occurs imbedded 
in rocks in rounded or irregular grains. 

H.— 6.5 to 7.5. Gr.— 3.1 to 4.3. 

Commonly red in colour, but also green, yellow, black, etc. ; Lustre, 
vitreous; insoluble in hydrochloric acid and most varieties infusible. 
Garnet is frequently found in such rocks as gneiss aud mica-schist. 

10. Talc. 

Is a silicate of magnesia, with water. It is thus an example of a 
hydrous silicate. 

Crystallization ortho-rhombic, and usually occurring in foliated or cleav- 
able masses, the cleavage being similar to that of mica. It also occurs 
massive or crypto-crystalline, 

H.— 1. Gr.— 2.5 to 2.8. 

The low hardness of Talc affords a ready means of distinguishing it 
from other foliated minerals. It has also a soapy or unctuous feel, and 
its laminae are not elastic. 

Its colour is usually light green, though sometimes a silvery white. 
Its lustre is pearly. 

Soapstone and Potstone are compact or confusedly crystalline varieties, 
used for firestones, for furnaces, or vessels required to stand the fire. 

French Chalk is a variety used for marking. 

Talc is an ingredient in Talc schists, to which it communicates its own 
foliated character. 

Meerschaum is closely allied to Talc, but has a larger proportion of 
water. 

11. Serpentine. 
This is a silicate of magnesia with water, the latter in larger quantity 
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than in talc. It usually occurs massive, and sometimes fibrous. It some- 
times constitutes considerable rock masses. 

H.— 2.5 to 4. Gr.— 2.5 to 2.6. 

Its colour is usually green, and its lustre somewhat resinous or waxy. 

Precious Serpentine includes varieties of a rich green colour and trans- 
lucent. Common Serpentine includes the more dull-coloured and opaque 
varieties. Picrolite and Chrysotile are fibrous varieties ; the latter often 
called Asbestos, and serves the same purposes with that mineral. Ophiolite 
or Verde Antique Marble, consists of a mixture of Serpentine and Calcite, 
and is usually of green and white colours. 

12. Chlorite. 

This represents a group of several species or sub-species. Chlorite may 
be regarded as a hydrous silicate of alumina, magnesia and iron. It 
occurs in foliated masses and flat crystals, of a greenish colour and slightly 
pearly lustre. It is harder than talc, and its laminae are not elastic. It 
is the leading ingredient of chlorite schists. 

13. Calcite. 

Is Calcium carbonate, or common Limestone. Its effbrvescence with 
acids, owing to the disengagement of gaseous carbonic acid, is one of 
the ready ways of distinguishing it. Its inferior hardness, enabling it to 
be easily scratched with a knife, aids in distinguishing it from quartz, 
felspar and other hard silicious minerals. 

Crystallization hexagonal. It occurs in many forms belonging to this 
system ; especially the six-sidod prism, the rhombohedron and the 
scalenohedron. It has very distinct cleavage parallel to the faces of the 
rhombohedron. It occurs also in granular, fibrous and crypto-crystalline 
states, as well as in earthy conditions. 

H.— 3. Sp. Gr.— 2.5 to 2.8. 

It is colourless, but is often coloured by other substances, especially 
oxides of iron and carbonaceous matter. Its lustre is vitreous, inclining 
to pearly on the cleavage faces. It varies from transparent to opaque. 
The transparent varieties known as Iceland Spar possess double refraction. 

Varieties. 
CalcareoiLsSpa r includes the perfectly crystalline forms. 
Satin Spar is a fibrous form occurring in veins, and having a silky 
lustre. 
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Cede Sinter is a general name, which may include the imperfectly 
crystalline conditions occurring in Stalactites and Stalagmite, Congealed 
ioate)\ Gibraltar Spar and Calcareous Tufa, All these varieties are 
deposited from solution in water, aided by an excess of carbonic acid. 

14. Dolomite. 

This is calcium and magnesium carbonate. It effervesces less readily 
with acids than calcite. Its crystallization is rhombohedral like that of 
calcite, except that the angles of its rhombohedron are slightly different, 
and it is a little harder and heavier. It has also a more pearly lustre. 

Dolomite occurs in nature in the same manner as calcite, but often 
contains ferrous carbonate, which causes it to assume a rusty colour in 
weathering. 

15. Gypsum. 

Calcium Sulphate with a large proportion of water (about 20 per cent.) 
Its crystallization is monoclinic, and it has a very distinct cleavage, 
parallel to the larger faces of the rectangular prism. It is found in 
foliated, fibrous and granular crystallizations, and sometimes occurs in 
thick beds. Finer granular and translucent varieties are used for orna- 
mental purposes, under the name of soft or gypseous alabaster. Its soft- 
ness, enabling it to be scratched with the finger nail, and its pearly lustre, 
are distinguishing characters. 

H.— 1.5 to 2. Gr.— 2.31 to 2.33. 

Its lustre is pearly upon the cleavage faces. It is colourless, but fre- 
quently stained red by ferric oxide, and sometimes black by carbonaceous 
matter. 

Selenite is a lamellar variety of Gypsum. Fibrous varieties are used to 
imitate Cat's eye. 

The readiness with which Gypsum parts with its water when heated, 
and resumes it, becoming solid or setting, when mixed with water, gives 
the substance important economical uses for casting, plastering and 
cements. It is the cheapest means of supplying sulphuric acid to the 
soil, and to manures, and thus is of some value in agriculture. 

Anhydrite is anhydrous calcium sulphate. It is found with the pre- 
vious species, from which it differs in its greater hardness and specific 
gravity, and its orthorhombic crystallization. It is sometimes used as an 
ornamental stone in the same manner as marble. 



346 APPENDIX. 



iluium clilori^'^^H 



16. Apatite. 

Tliis is calcium phosphate with a amnll propoi'tion of caluiu 
or fluoride, aud is of great interest aa representing the earthy part of the 
bones of animals. 

Its crystallization is hexagonnl, and its usual form is the hexagonal 
priBHi. J 

H.— 5. Gr.— 3. to 3.2. ■ 

Its lustre is resinous, and its colour usually greenish. ^H 

In the crystalline state it occurs largely 'm veins and beds in the 
Laurentian formation n Canala I is also found in concretionary 
masses, in beds of variou g ol g al a},es, and is the principal constituent 
of the harder varieties of g an 

Cal u n ph phate an n 1 ingrediant in soils, in which it is 
uauftUj p es nt n y mall qua t ty and it is rapidly removed by those 
crops h h [. iu e the greatest amount of animal food. Tliis gives to 
it a ve g eat mp tance in agriculture, and it is much sought for in 
every 1 z d unt y, and largely used as a means of improving the soil. 

17. Fluor Spar oa Fldortce. 

This is Calcium Fluoride. Its crystallioe form is isometric, and i 
often occurs in beautiful and regular cubes, with a cleavage parallel to th«S 
faces of the octahedron. 

H.— 4. Gr.— 3. to 3.25. 

It is sometimes colourless, but more frec[uently of blue and pur^ 
colours, and in some cases green, rod or yellow. 

It frequently occurs in metallic veins, more especially with the oreo 
lead. It has been used as a flux in reducing metallic ores, hence iWj 
name Fluor. 

18. Rock Salt. 
Common Salt is sodium chloride. It crystalli:: 
system, usually in cubes. 

H.— 9. Gr.— 2.1 to 2.25. 
It fumialiea an excellent example of a soluble native salt. 
not only iu great quantity in the sea and in salt lakes, but also in exGa 
eivB beds in the crust of the earth, whence it is mined for u 
beds have probably been ftirmed by the drying up of salt lakes, a 
isolated portions of sea water, and the subsequent covering by si 
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of the beds of salt thus formed. Copious salt springs often rise from 
such deposits. 

19. Magnbtitb. 

Is an oxide of iron intermediate between the monoxide and sesqui- 
oxide. Crystallization isometric, usually in octahedrons. 

H.— 5.5 to 6.5. Gr.— 5. 

Colour black, Lustre metallic. It occurs in Canada in large beds, in 
the Laurentian, and also in layers as iron sand, and is the most valuable 
of the ores of iron. It is attracted by the magnet, and it sometimes has 
itself magnetic polarity, constituting the natural loadstone. It is dis- 
tinguished from the other species by its bla6k powder or streak and its 
magnetic properties. 

20. Hbmatitb. 

Also called specular iron, is sesquioxide of the metal. Its crystalliza- 
tion is hexagonal, and it often occurs in thin plates or scales, and also in 
fibrous forms. 

H.--5.5 to 6.6. Gr.— 4.5 to 5.3. 

Its colour is black or steel grey in crystalline varieties, but its streak 
or powder is deep red. It is not usually attracted by the magnet. 

Foliated varieties constitute Micaceous Iron Ore, compact or fibrous 
dull red varieties are called Hematite^ and earthy varieties are Red Ochre, 
It is a very valuable ore of iron. 

21. LlMONITB. 

This is hydrous sesquioxide of iron. It occurs in fibrous and con- 
cretionary masses. 

H.— 5. to 5.5. Gr.— 3.6 to 4. 

Its colour is dark brown, and its streak or powder yellow. Compact 
and fibrous varieties are called Brown Hematite, Concretionary varieties 
found in modern deposits are Bog Iron Ore, and earthy varieties are 
Yellow Ochre. It is a valuable ore of iron. 

22. Pyritb. 

. Is disulphide of iron. Crystallization isometric, usually in cubes and 
octahedrons. 

H.— 6. to 6.5. Gr.- 4.8 to 5. 

Colour, bronze yellow. It is a very common mineral, and is often 
mistaken for gold and for valuable metallic ores. When mixed with 
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metallic orea auil with coal it is a troublesome impurity ; but it is used « 
Bource of siilpbur and sulphunc acid, and of the ferroua sulphate. 

23. Coal. 

Coal essentially consists of corapouuds of carbon and liydvo^ei 
variable amounts of osygen, of nitrogen and of earthy matter. It pre^ 
eenta many varieties, which shade into each other and dilfer much in 
composition and physical properties. This results from the fact that it 
is not a delinite chemical compound, or crystallized mineral species, but. 
rather a product of the partial decompoaitiou of vegetable matter buit^ 
In the earth. 1 

Its vegetable origin is proved by the remains of plants imbedded in it|' 
and often showing their structure distinctly under the microscope, and by 
its resting on under-clays cojitaining roots of trees, overlaid witli shales 
filled with impressions of plants. It is of different geological ages, but 
the greater part was formed at a particular part of the earth's geological 
history, known as the carboniferous period. 

Its hardness varies from 1. to 2.6, and its sp. grav. from 1. to 1,8. 
Its colour is black, or datk-brown, its powder either black or brown. Its 
lustre is resinous or sub-metallic, and its fracture conchoidal or flat. It 
usually presents a laminated structure, with layers of mineral charcoal, or 
of vegetable debris, or of earthy matter between the laminje, which 
consist principally of flattened trunks of which the coal has been made 

The principal varieties are the following ; — 

Brown Coal is an imperfect coal found in the more modern formations. 
It is often merely a consolidated peat, but when composed of flattened 
trunks of trees it assumes the compact form of jet. It is intermediate in 
composition between coal and wood. It contains from 47 to 70 per 
cent, of carbon, and from 5 to 18 per cent, of hydrogen, the remainder 
being oxygen and ashes. It is usually an inferior kind of fuel. 

Bituminous Ooal, or ordinary black coal, proceeds from a more perfect 
carbonization of vegetable matter, and is the coal of the true Carboniferoua 
system. The coking varieties become soft when heated, and burn with 
much flame. The noa-cnkiug varieties do not soften, and contain less 
gaseous matter. Bituminous coal contains from 75 to 90 per cent, of 
carbon, and from 3 to 6 per cent, of hydrogen, the remainder being 
principally oxygen and ashes. The more bituminous varieties are used 
for the production of gas. 

Anthracite proceeds from the alteration of bitiuninous coals, nad. 
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sometimes of the nature of natural coke. It is harder and heavier than 
the bituminous coals, and contains from 85 to 92 per cent, of carbon 
and from 2 to 3 per cent of hydrogen. It gives little or no flame in 
burning. In some coal deposits Anthracite passes by a further process 
of alteration into graphite or plumbago, which is, however, regarded as a 
distinct mineral species, owing to its very different physical properties. 

24. Bitumen. 

Mineral oil and mineral pitch are mixtures of different hydro-carbons, 
differing from coal in their liquid, viscid or easily fusible character, and 
in being soluble in oil of turpentine and ether. Like coal, these sub- 
stances are derived from the chemical change of vegetable matter buried 
in the crust of the earth ; but they result chiefly from marine vegetation, 
or from that which has been buried and excluded from the air while still 
recent. 

Petroleum^ or mineral oil, includes the liquid or viscid varieties which 
flow from natural oil wells, or are obtained by boring into the beds of 
rock containing this substance in their pores and fissures. It has been 
known and used from the most ancient times, but has recently acquired 
greater importance from the abundance of it obtained by boring, and the 
means discovered for its purification. Petroleum often contains more 
than 12 per cent, of hydrogen. 

Asphaltum includes the solid and semi-solid varieties, having a specific 
gravity similar to that of coal, and pitchy lustre with a black or brownish 
black colour. It contains from 7 to 9 per cent, of hydrogen, and some- 
times a considerable proportion of oxygen and some earthy impurities. 
It is found in veins and beds, and has proceeded from the alteration and 
hardening of petroleum, owing to the loss of its more volatile ingredients. 

Albertite and " Levis Qoal^^ are asphaltic minerals still further altered, 
until they assume nearly the appearance and composition of the bitumin- 
ous coals. They are found in veins or fissures, and not in beds like the 
true coals, and have no vegetable structure. In some altered rocks 
materials of this kind have been converted into anthracite and probably 
into graphite. 

Earthy Bitumen and Cannel Coal are materials of this series, mixed 
with much earthy matter, and hardened till they resemble true coals. 
They are found in beds associated with the ordinary coals, and are much 
used in gas-making and for the distillation of coal oil. 

B 
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It will be seen that the Coals and Bitumens form two parallel series, 
according to the amount of chemical change which they have experienced, 
thus : — 

COAL SBRIBS. BITUMEN SBRIBS. 

Vegetable matter. Vegetable matter. 

Peat. Petroleum. 

Brown coal. Asphaltum. 

Bituminous coal. Cannel coal. 

Anthracite. Anthracite. 

Graphite. Graphite. 

25. Graphite. 
This substance is Carbon with its molecules arranged in a peculiar 
manner, constituting an allotropic form. Its crystalline form is hexagonal, 
in flat six-sided tables. 

H.— 1. to 2. Gr.--2. 

Colour black and steel grey ; streak black. Lustre metallic. Divides 
into thin laminae, flexible and greasy to touch. 

Graphite is probably, in most cases, a coal or asphalt, altered by heat, 
and in this way it is often formed accidentally in furnaces. It is largely 
used in making crucibles for melting metals, in coating iron castings, in 
lessening the friction of machinery, and in drawing and writing. Its 
common names of " black lead " and " plumbago " are inappropriate, as it 
contains no lead. The name Graphite is derived from its use in writing. 

[For other minerals occurring disseminated in rocks or in veins and 
other repositories, the student is referred to text-books of Mineralogy.] 
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